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PREFACE 


The favourable manner in vjiicb the former editions of the 
Author’s “ Lectures on Electricity” have been received by the 
public (the third Edition having long been out of print) ; and 
the repeated demands on the publishers for copies, which they 
have been unable to supply, have induced him to bestow some 
care and labour on the preparation of the work, the first part of 
W’'hich is now presented to the public. The sciences of Elec- 
tricity and Magnetism have, of late years, progressed with such 
gigantic strides, and the dis(^vcry of Diamagnetism has opened 
a new field of research, from which already, such abundant har- 
vests have been gathered, that it was no longer possible to com- 
press within the limits of a single volume, (without expanding it 
to an inconvenient size) such an account of the present state of 
Electrical and Magnetic science as the Author proposed to him- 
self to convey. In the present volume the subjects discussed 
are Electricity, Frictional, and Voltaic ; Thermo-Electricity, and 
Electro-physiology. In the Second Part, which is in active pre- 
paration, and which will, it is hoped, be ready in the early part 
the ensuing year, it is proposed to attempt a popular ac- 
count of Magnetism, Diamagnetism, and Electro-dynamics, in- 
cluding a description of the principal Electric Telegraphs. 

In the course of the entire work the Author has received 
much valuable assistance : he wishes particularly to acknow- 
ledge the obligations he is under to Mr. Faraday, and to Sir 
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WilKam Snow Harris; tho foAner has, with his well-known 
courtesy, been ever ready with his kind explanations, and the 
latter was good enough to give him an opportunity of witness- 
ing those beautiful experimental demonstrations of the laws of 
electrical attraction, repulsion, and accumulation, which are 
described in chapters ii. and v. — and Vhich, having seen and 
assisted in, he is able to record with the greater satisfaction 
and confidence. ^ From his late lamented and esteemed friend, 
Andrew Crosse I?sq., the Author has, from time to time, 
received much valuable information ; nor must he omit to 
return his thanks to Professor T^mdall, for his kind jiromptness 
in placing in his hands his® recent beautiful and elaborate 
memoirs. 

The Author wishes in conclusion to observe, that notwith- 
standing the care and attention he has bestowed on his work, 
no one can be more sensible than himself to its numerous im- 
perfections ; he hopes, however, that it contains no substantial 
mistakes, and that its errors, wliatever they may be, arc those 
rather of ommion than of commission. 

Medical School of St. George^ s Jlosjglial, Ocfoler, 1S55. 
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STATICAL OR ERTCTIONAL ELECTEICITA". 
CHAPTER I. 

Uiaiorica,! Sketch — Observations of the ancient philosophers — Researches of 0111)01% 
Royle, Otto (iucricke, Newton, Ifawksbee, AVall, Gray, Wheeler, Dul’aye, Bozc, 
Winkler, ]\1uschen brock, Ounous, Klcist, Watson, Bevis, Wilson, Franklin, Dalibard, 
Canton, Beocaria, (Kpinus, Wilke, Lymncr, Cavendish, Coulomb, La Place, Bio.t,* 
Poisson, Lavoisier, Volta, Saussure. 

(1) TirEiiE is perhaps no branch of Experimental Pliilosophywlhch is so 
popular with all (^lasses and ages as Electricity. Tlu^ reasons are obvious. 

It is a science, the general laws of which arc susceptible of pleasing 
demonstration, and its plienomcna, from the striking and ocular manner 
in which tiny are jiresented, are calculated to arrest the attention and 
become fixed on the mind more pow'erfully than those of any other 
science. To tliis may be added its connexion w ith the most sublime and 
awful of the agencies of nature ; its secret and hidden influence in pro- 
moting at one time the decomposition of bodies, and at another time 
tlieir rc-forrnation : atone time, in its current form, causing the tdements 
of Avater to separate, and exhibiting them in the form of gases ; and at 
another time, in its condensed form, causing these same gases to re-unite 
and hoconK) again identified with water: mw^ in its current form, exhi- 
biting tlie most wonderful and sometimes terrible effects on the muscles 
and limbs of dead animals ; and now, in its condensed form, moving with 
a velocity that is beyond conception through the living body, and 
communicating a shock through fifty or a thousand persons at the same 
instant : noAv exhibiting its mighty powers in the fearful thunder-storm ; 
and now, controlled by the ingenuity of man, made the medium for the 
iiitorchaiige of thought, and acting as his truthful messenger over land 
and sea through distances as yet unbounded. With such varied subjects 
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for contemplation and admiration, it is no wonder if Electricity should 
be a favourite and a fascinating study. 

(2) Common, or Statical Electricity, with which we shall first be engaged, 
although occupying so prominent a place in modem science, cannot be 
said ta date its entrance into physics before the beginning of the 
eighteenth century. Thales of Miletus, who lived 600 years before the 
Christian era, is said to have been the first to describe the property 
possessed by amber to attract and repel light substances when rubbed. 
In the writings of Theophrastus (b.c. 321), and of Pliny (a.d. 70), the 
same observations are ilicorded, and they also speak of the lapis lyncnrins^ 
supposed to be the same with the modern tourmaline, as possessing similar 
properties. The power, possessed by the torpedo of paralyzing the 
muscles, and the use which the fish makes of its power for securing its 
prey, arc mentioned by Pliny, and Aristotle, Galen, and Oppian ; and the 
occasional emission of sparks from the human body, when submitted to 
friction, is alluded to by Eustathius (a.d. 415) in his Commentary on 
the Iliad of Homer. 

Ho attempt to explain any of these phenomena was made by the 
writers who narrated them. 

(3) In the year 1600, Dr. Gilbert, of Colchester, in a work on Mag- 
netism, mentioned several new facts attributable to electrical agency, 
and enumerated a variety of substances which ejijoyed equally with amber 
the property of attracting not only light substances, such as feathers and 
straw’s, but even stones and metals. Dr. Gilbert also investigated the 
conditions under w’hicli this property was acquired ; ho found that wlion 
the w’irid blew from the north and cast, and was dry, the body w’as excited 
in about ten minutes after friction commenced, but that when it was in 
the south, and the air moist, it was difficult and sometimes impossible to 
excite it at all. 

(4) Boyle, and his contemporary, Otto Guericke, occupied themselves 
with similar experiments. The latter constructed an electrical machine 
of a globe of sulphur, and with it discovered electric light, and the fact 
that a light body when once attracted by an excited electric, w^as repelled 
by it, and was incapable of a second attraction until it had been touched 
by some other body. Newton substituted a globe of glass for one of 
sulphur, using as a rubber the palm of his hand ; he also w^as the first 
to show that Electricity may be excited on the side of a disc of glass 
opposite to the side which was rubbed, llawksbee also used a glass 
globe, and made several observations on the light emitted by various 
bodies by submitting them to friction, without however being at all aware 
that it W’as occasioned by Electricity. Dr. Wall compared the light aiid 
crackling which attended the friction of amber to lightning and thunder. 

(6) The true foundation of Electricity as a science was laid by 
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Stephen Gray (a.d. 1720 — 1736). * Thip indefatigable experimentalist 
first showed that Electricity could be excited by the friction of feathers, 
hair, silk, linen, woollen, paper, leather, wood, parchment, and gold- 
beaters’ skin ; he next discovered the communication of Electricity from 
excited bodies to bodies incapable of excitation at distances of several 
hundred feet, and the conducting power of fluids and of the human body; 
he demonstrated that electric attraction is not proportioned to the 
mass of matter in a body but to the extent of its surface. In conjunction 
with Wheeler he discovered the insulating power of silk, resin, hair, glass, 
and some other substances. He discovered likewis.e ^ke fact, though not 
the principle, of induction, and w^as on the threshold of ther discovery of 
the two opposite Electricities, an honour reserved for his Erench 
contemporary, Dufaye. 

(0) This sagacious philosopher re-produced in a more definite form 
the principles of attraction and repulsion, previously announced by 
Otto Guericke. He showed that all bodies, whether solid or fluid, could 
be electrified by an excited tube, provided they were insulated ; but his 
great discovery was that of the two distinct kinds of Electricity, one of 
which, from the circumstance of its being developed by the friction 
of glass, rock crystal, precious stones, &c., he called vitreous ; and the^ 
otlu^r, from its development by the friction of amber, copal, gum-lac, 
&c., he termed resinous. He showed that bodies having the same kind 
of Electricity reped each other, but attract bodies charged with Electricity 
of th() other kind ; and he proposed that test of the Electricity of any 
given substance which has ever since his time been adhered to, viz., to 
charge the suspended light substance with a known species of Electricity, 
and then to bring near it the body to be examined. If the suspended 
substance was repelled, the Electricity of both bodies was the same ; 
if attracted, it was different. It is probable, however, that the honour 
of tills capital discovery must be shared between Dufaye and White who 
was associated with Gray in many of his experiments. 

(7) About this time two important additions were madeio the electrical 
machine used by IMewton and Hawksbec, viz., that of a prime conductor, 
consisting of an iron tube suspended by silken strings, introduced by 
Bozo of Wittemberg, and that of a cushion as a substitute for the hand 
ior applying friction suggested by Winkler, of Leipsic. With these 
improvements the spark from the machine was made to inflame spirits, 
oil, phosphorus, and several other inflammable substances. 

(8) It was in the years 1745 and 1746, that those celebrated experi^ 
fluents, whmh drew for many succeeding years the almost exclusive 

attention of men of science to the new subject, and which led the way 
to the introduction of the Leyden phial, — were made by Kleist, Mus- 
chenbroek, and Cuneus. Professor Muschenbroek and his associates, 
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having observed that electrified bodies exposed to the atmosphere speedily 
lost their electric virtue, conceived the idea of surrounding them with an 
insulating substance, by which they thought that their electric pow er 
might be preserved for a longer time. Water contained in a glass bottle 
was accordingly electrified, but no remarkable results were obtained, 
till one of the party who w as holding the bottle attempted to disengage 
the wire communicating with the prime conductor of a pow’erful machine; 
the consequence was, that he received a shock, wdiich, though slight com- 
pared with” s-uch as are now frequently taken for amusement from the 
Leyden phial, his frvght magnified and exaggerated in an amusing 
manner. Von Kleist appears to have been the real discoverer of the 
Leyden phial, though his account of his experiments was so obscurely 
worded that none of the electricians w^ho repeated them were for some 
time able to verify his results. The following is an extract from his letter 
to Dr. Lieberkulin, of Berlin, dated November 4, 1745, and communicated 
by him to the Berlin Academy: “When a nail, or a piece of brass wire, is 
put into a small apothecary’s phial and electrified, remarkable effects 
^follow ; but the phial must be very dry or warm ; I commonly rub it over 
beforehand with a finger, on which 1 put some pounded chalk. If a 
little mercury, or a few drops of spirits of wdno, be put into it, the experi- 
ment succeeds the better. As soon as this })hial and nail are removed 
from the electrifying glass, or the prime conductor to which it hath been 
exposed is taken away, it throws out a pencil of flame so long that, with 
this burning machine in my hand, f have taken about sixty stejis in 
walking about my room ; when it is electrified strongly, 1 can take it into 
another room, and then fire spirits of wine with it. If while it is elec- 
trifying I put my finger or a piece of gold wdiich i'liold in my hand to 
the nail, I receive a shock which stuns my arms and shoulders.” In 
describing the cfiect produced on himself by taking the shock fj’om a thin 
glass bowl, Muschen brock stated, in a letter to Jteaumur, that “lie felt 
himself struck in bis arms, shoulders, and breast, so that he lost his breath, 
and was tw^o days before he recovered from the effects of the blow and 
the terror,” adding, “ he would not take a second shock for the kingdom 
of France.” Boze, on the other hand, seems to have coveted (dectrical 
martyrdom, for he is said to have expressed a wdsb to die by the electric 
^bock, that the account of his death might furnish an article for the 
Memoirs of the French Academ}'' of Sciences. Mr. Allamand, on taking 
a shock, declared “ that he lost the use of his breath for some minutes, 
^and then, felt so intense a pain along liis right arm, that ho feared per- 
manent injury from it.” Winkler stated that the first time he underwent 
the experiment, “ he suffered great convulsions through his body ; that 
it put his blood into agitation ; that he feared an ardent fever, and was 
obliged to have recourse to cooling medicines 1 ’ ’ The lady of this pro- 
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fessor took the shock twice, and was rendered so weak by it that she 
cQiild hardly walk. The third time it gave her bleeding at the nose. 
Such was the alarm with which these early electricians were struck, by 
a sensation which thousands have since experienced in a much more 
powerful manner without the slightest inconvenience. It serves to show 
how cautious we should be in receiving the first accounts of extraordinary 
discoveries, where the imagination is likely to be affected. 

(9) After the first feelings of astonishment were somewhat abated’, the 
circumstances which influenced the force of the shock were examined. 
Muschenbroek obvserved that the success of the experiment was impaired 
if the glass was wet on the outer surface. Dr. Watson showed that the 
slmck might be transmitted through the bodies of several men touching 
each otlicr, and that the force of the charge depended on the extent of 
the external surface of the glass in contact with the hand of the operator. 
Dr. Bevis proved that tin-foil might be substituted successfully for the 
hand outside and for the water inside the jar; he coated panes of glass 
in tliis way, and found that they would receive and retain a charge ; and 
lastly. Dr. Watson coated large jars inside and outside with tin-foil, and 
thus constructed what is now known as the Leyden phial. 

(10) In repeating the experiments with the Leyden phial, Mr. Wilson, 
of Dublin, discovered the lateral shock, having observed that a person 
standing near the circuit through which the shock is transmitted would 
sustfiin a shock, if ho were only in contact with or even placed very near 
any part of the circuit. Many experiments were also made to determine 
the distance through which the electric shock could be transmitted. 
Dr. Watson took a prominent part in these investigations. In July, 
1747, ho convoyed thcj eloctric shock across the Kiver Thames, at West- 
minster Bridge', and a few days after he, caused it to make a circuit of 
two miles at the T^ew llivcr, at Stoke Newington ; a circuit of four miles, 
two of wire and two of dry ground, was accomplished in August ; and in 
the same month he satisfied himself and his friends that “ the velocity 
of the electric matter, iu passing through a wire 12,276 feet in length, 
was instantaneous.” 

Dr. Watson also distinguished himself by some beautiful experiments 
on eloctric light. lie was the first to demonstrate the passage of Elec- 
tricity through a vacuum* He caused the spark from his conductor to 
pass in the form of coruscations of a bright silver hue through an 
exhausted tube three feet in length, and he discharged a jar through a 
vacuum interval often inches in the form of a ‘‘mass of very bright embo- 
died fire.” These experiments were repeated and varied by Smeaton, 
Canton, and Wilson. 

(11) It was in the year 1747 that, in consequence of a communication 
from Mr. Peter CoUinson, a Eellow of the Eoyal Society of London, to 
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the Literary Society of Philadelphia* Fraiiklin first directed his attention 
to Electricity ; and from that period till 1 754 his experiments and observ- 
ations were embodied in a series of letters, which were afterwards 
collected and published. “Nothing,” says Priestley, “ was ever written 
upon .the subject of Electricity, which was more generally read and 
admired in all parts of Europe, than these letters. It is not easy to mf 
whether we are most pleased with the simplicity and perspicuity with 
wjiich they are written, the modesty with which the author proposes 
every hypothesis of his own, or the noble frankness with which he relates 
his mistakes whefii tlicy were corrected by subsequent experiments.” 
The opinion* adopted by Franklin with respect to the nature of Elec- 
tricity differed from that previously submitted by Dufayo. Ilis hypo- 
thesis was as follows : — All bodies in their natural state are charged with 
a certain quantity of Electricity, in each body this quantity being of 
definite amount. This quantity of Electricity is maintained in equili- 
brium upon the body by an attraction which the particles of the body have 
for it, and does not therefore exert any attraction for other bodies. But 
a body may be invested with more or less Electricity than satisfies its 
attraction. If it possess mor(?, it is ready to give up the surplus to 
any body which has less, or to share it with any body in its natural 
■state; if it have less, it is ready to take from any body in its natural 
state a part of its Electricity, so that each will have less than its 
natural amount. A body having more than its natural quantity is elec- 
trified or and one which has less is electrified ncgalivdy or 

winus. One electric fluid only is thus supposed to exist, and all elec- 
trical phenomena are referable either to its accumulation in bodies in 
quantities more than their natural share, or to its being withdrawn from 
them, so as to leave them minus their proper portion. Electrical excess 
then represents the vitreous, and electrical deficiency the resinous 
Electricities of Dufaye : and hence the terms positive and negative, for 
vitreous and resinous. 

(12) In applying this theory to the case of a charged Leyden jar, the 
inner coating of tin-foil is supposed to have received more than its natural 
quantity of Electricity, and is therefore electrified positively or plus, 
while the outer coating, having had its ordinary quantity of Electricity 
diminished, is electrified negatively or minus, "yy'hen the jar is discharged, 
the superabundant or plus Electricity of the inside is transferred by the 
conducting body to the defective or minus Electricity of the outside ; 
Franklin demonstrated by various experiments that the inside and 
outside coatings are really charged with opposite Electricity, and that 
during the process of charging exactly as much Electricity is added*on 
one side as is subtracted from the other, and he was thus enabled to ofier 
a satisfactory explanation of what had been previously observed by other 
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electricians, viz.: — that a jar could not be charged if its external* coating 
were insulated ; but though a single jar could not be charged unless its 
outer coating were in communication with the earth, Franklin showed 
that a series of jars may be all charged at once by “ suspending them on 
the prime conductor, one hanging on the tail of the other, and a wire 
^‘rora the last to the floor.” With the jars thus charged ho conslructed 
a battery by separating them, and then putting their insides and outsides 
in metallic communication. 

(13) Another capital discovery of Franklin's related to the place where 
the Electricity resides in the charged Leyden pl^al. • Having charged a 
jar he removed the wire by which the Electricity was conveyed from the 
machine, and poured out the water which served as the inner coating, 
he found both to be free from Electricity; nevertheless, on pouring fresh 
winter into the jar, he obtained a shock on grasping the outside of the 
jar in one hand and touching the water wnth tlie other. Ho next laid 
two metallic plates on a pane of glass and charged it from the machine ; 
on removing the plates he could detect no Electricity in them, but on 
presenting his finger to the surface of the glass that had been covered 
witli tlie metal he observed small sparks ; he then replaced the metallic 
plates, and on touching each at the same tiifte he received a shock. 
From these experiments he drew the conclusion, that it was upon the 
glass that the Electricity was deposited, and that the conducting coatings 
“ served only like the armature of the loadstone to unite the* forces of the 
several parts, and bring them at once to any point desired.” 

(14) But the discovery which immortalized the American philosopher, 
is that in which he connected Electricity with that terrific agent that has 
so often convulsed the physical world, and which led him to a means of dis- 
arming the fury of the lightning flash, and of converting it into a useful 
element. The similarity between lightning and the electric spark had been 
suggested by Hawksbee, Wall, and particularly by the Abbe Nollet, who, 
in the fourth volume of his Legons de ^hysique^ publishedtowards the close 
of the year 1748, thus expresses himself ; “ If any one should undertake 
to prove as a clear consequence of the phenomenon, that thunder is in the 
hands of nature what Electricity is in ours, — that those wonders which 
we dispose at our pleasure are only imitations on a small scale of those 
grand effects which terrify us, and that ‘both depend on the same me- 
chanical agents, — if it w^ere made manifest that a cloud prepared by the 
effects of the wind, by heat, by a mixture of exhalations, &c., is in relation 
to a terrestrial object what an electrified body is in relation to a body near 
it not electrified, I confess that this idea well supported would please 
me much ; and to support it how numerous and specious are the reasons 
which present themselves to a mind conversant with Electricity. The 
universality of the electric matter, the readiness of its actions, its instru- 
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mentality and its activity in giving fire to other bodies, its property of 
striking bodies externally and internally, even to their smallest parts (the 
remarkable example wa have of this effect even in the Leyden jar experi- 
ment, the idea which we might truly adopt in supposing a greater degree 
of electric power), all these points of analogy which I have been for some 
time meditating, begin to make me believe that one might, by taking^ 
Electricity for the model, form to one’s self in regard to thunder and light- 
ning more perfect and more probable ideas than hitherto proposed.” 

(16) There does not appear to be any published suggestion of 
Franklin’s relative <to Jhe identity of lightning and Electricity bearing 
so early a date as the volume of Nollet’s from which the above extract 
is taken. His letter to Mr. Collinson, in which he gives his reasons for 
considering them to be the same physical agent, bears no date, but 
appears to have been written in 1749 or 1750, as he refers to it in a 
subsequent letter to the same* gentleman in 1753, as his former paper, 
written in 1747, and enlarged and sent to England in 1749. He says, 

“ When a gun-barrel in electrical experiments has but little electrical 
fire in it, you must approach it very near with your knuckle before you 
can draw a spark. Give it more fire, and it w ill give a spark at a greater 
distance. Two gun-baft’els united, and as highly electrified, will give a 
spark at a still greater distance. But if two gun-barrels electrified will 
strike at two inches distance and make a loud snap, at what a great 
distance may ten thousand acres of electrified cloud strike and give its 
fire, and how loud must be that crack ! ” He next states the analogies 
which afford presumptive evidence of the identity of lightning and 
Electricity. The electrical spark is zig-zag and not straight ; so is 
lightning. Pointed bodies attract Electricity ; lightning strikes 
mountains, trees, spires, masts, chimneys. When different paths are 
offered to the escape of Electricity, it chooses the best conductor ; so 
does lightning. Electricity fires combustibles; so does lightning. 
Electricity fuses metals; liglitning docs the same. Lightning rends 
bad conductors when it strikes them ; so docs Electricity when rend6red 
sufficiently strong. Lightning reverses the poles of a magnet ; 
Electricity has the same cfiect. A stroke of lightning, when it docs 
not kill, often produces blindness ; Eranklin rendered a pigeon blind by 
a stroke of Electricity intended to kill it. Lightning destroys animal 
Kfe ; the American philosopher killed a turkey and a hen by electrical 
shocks. 

(16) It was in the June of 1752, that Franklin made his memorable 
experiment of raising a kite into a thunder-cloud, and of drawing from 
it sparks wdth which Leyden jars were charged, and the usual electricaf 
experiments performed. A month earlier, it appears that a French 
electrician, M. Dalibard, following the minute and circumstantial 
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directions given by Franklin ii:\ his 'letters to Mr. Collinson, obtained 
sparks from an apparatus prepared at Marly-la- Ville : and an attempt 
has lately been made by M. Arago to claim for this philosopher, and 
iN'ollet, the honour of having established the identity of lightning and 
Electricity : it is clear, however, that the just right belongs to Franklin ; 
fbr although this eminent electrician was a month later in his capital 
experiment than Dalibard, it 'was nevertheless at his suggestion, and on 
his principles, that the arrangements of the Frenchman were made ; -and 
indeed, if the honour of the discovery is t6 be given to the individual 
who first obtained sparks from an atmospheric •apjfe.ratus, it belongs 
neither to Dalibard nor to Franklin, but to an old retired* soldier and 
carpenter, named Coiffier, who was employed by Dalibard to assist him 
in his experiments, and who actually first drew a spark from the 
apparatus when the cure was absent. 

(17) The following is the account transmitted to us of Franklin’s bold 
experiment ; — He prepared his kite by making a small cross of two 
light strips of cedar, the arms of sufficient length to extend to the four 
corners of a large silk handkerchief stretched upon them ; to the 
extremities of the arms of the cross he tied the corners of the hand- 
kerchief. This being properly supplied with a tail, loop, and string, could 
be raised in the air like a common paper kite, and being made of silk 
was more capable of bearing rain and wind. To the upright arm of the 
cross was attached an iron point, the low^er end of which was in contact 
with the string by which the kite was raised, which was a hempen cord. 
At the lower extremity of this cord, near the observer, a key was 
fastened : and in order to intercept the Electricity in its descent and 
prevent it from reaching the person who held the kite, a silk ribbon was 
tied to the ring of the key, and continued to the hand by which the kite 
was held.” 

“ Furnished with this apparatus, on the approach of a storm, he went 
out upon the commons near Philadelphia, accompanied by his son, to 
whom alone he communicated his intentions, wtdl knowing the ridicule 
which w ould have attended the report of such an attempt, should it prove 
to be unsuccessful. Having raised the kite, he placed himself under a 
shed, that the ribbon by which it was held might be kept dry, as it w^ould 
become a conductor of Electricity when wetted by rain, and so fail to 
afford that protection for which it w’as provided. A cloud, apparently 
charged with thunder, soon passed directly over the kite. He observed 
the hempen cord ; but no bristling of its fibres was apparent, such as 
was wont to take place when it was electrified, lie presented his 
knuckle to the key, but not the smallest spark was perceptible. The 
agony of his expectation and suspense can be adequately felt by those 
only who have entered into the spirit of such experimental researches. 
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After the lapse of some time he saw that the fibres of the cord near the 
key bristled, and stood on end. He presented his knuckle to the key 
and received a strong bright spark. It was lightning. The discovery 
was complete, and Eranklin felt that he was immortal.” 

A shower now fell, and wetting the cord of the kite, improved its 
conducting power. Sparks in rapid succession were drawn from the key^; 
a Leyden jar w^as charged by it, and a shock given ; and in fine, all the 
experiments which were wont to be made by Electricity were re-produced, 
identical in, all their concomitant circumstances. 

(18) Eranklin aftei^wards raised an insulated metallic rod from one end 
of his house, and attached to it a chime of bells, which, by ringing, gave 
notice of the electrical state of the apparatus ; and having succeeded in 
drawing the electric fire from the clouds, he immediately conceived the 
idea of protecting buildings from lightning by erecting on their highest 
parts pointed iron wires, or conductors, communicating with the ground. 
The Electricity of a hovering cloud could thus be carried off slowly and 
silently ; and if the cloud w^re highly charged, the electric fire would 
strike in preference the elevated conductors. 

(19) These interesting experiments w^ere eagerly repeated in almost 
every civilized country, with variable success. In Erance a grand result 
W'as obtained by M. de Eornas : he constructed a kite seven feet high, 
which he raised to the height of 550 feet by a string, having a fine w ire 
interwoven through its w^hole length. On the 26th of August, 1756, 
flashes of fire, ten feet long and an inch in diameter, W’cre given ofi from 
the conductor. In the year 1753, a fatal catastrophe from incautious 
experiments upon atmospheric Electricity, occurred to Professor 
Eichmann, of St. Petersburg ; he had erected an apparatus in the air, 
making a metallic communication between it and his study, where ho 
provided means for repeating Franklin’s experiments : w^hile engaged in 
describing to his engraver, ISolokow, the nature of the apparatus, a 
thunder-clap was heard, louder and more violent than any wdiich had 
been remembered at St. Petersburg. Eichmann stooped towards the 
Electrometer to observe the force of the Electricity, and “ as he stood in 
that posture, a great white and bluish fire appeared between the rod of 
the Electrometer and his head. At the same time a sort of steam or 
vapour arose, which entirely benumbed the engraver, and made him sink 
on the ground.” Several parts of the apparatus w^ere broken in pieces 
and scattered about : the doors of tfee room were torn from their hinges, 
and the house shaken in every part. The wdfe of t]fe professor, alarmed 
by the shock, ran to the room, and found her husband sitting on a chest, 
which happened to be behind him when he was struck, and leanifig 
against the wall. He appeared to have been instantly struck dead ; 
a red spot was found on his forehead, his shoe was burst open, and a part 
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of his waistcoat singed ; Solokow was at the same time struck senseless. 
This dreadful accident was occasioned by the neglect on the part of 
Bichmann to provide an arrangement by which the apparatus, when too 
strongly electrified, might discharge itself into the earth, a precaution 
that cannot be too strongly urged upon all who attempt experiments in 
atmospheric Electricity. 

(20) The labours of Canton and Beccaria in the field of electrical 
science stand next in chronological order. The principal discovery. of 
the former was the fact that vitreous substances do not -always afibrd 
positive Electricity by friction, but that either kiiftl o^ Electricity may be 
developed at will in the same glass tube. This he illustraterd by drawing 
a rubber over a tube, one half of which was roughened and the other 
half polished ; the rough part was charged with negative, and the smooth 
part with positive Electricity. He found also that a glass tube, the 
surface of which had been made rough by grinding, possessed positive 
Electricity when excited with oiled silk, but negative when excited with 
new flannel. Canton also made the useful practical discovery that the 
exciting power of a rubber may be greatly increased by covering its 
surface with an amalgam of mercury and tin. This electrician was the 
first also to demonstrate that air is capable of receiving Electricity by 
communication. In a paper read at the Eoyal Society, December Cth, 
1753, he announced that the common air of a room might be electrified 
to a considerable degree, so as not to part with its Electricity for some 
time. His Electrometer consisted of a pair of dry elder pith-balls 
suspended by threads of the finest linen. Tliese were contained in a 
narrow box with a sliding cover, and so disposed that, by holding the box 
by the extremity of the cover, the balls would hang freely from a pin in 
the inside. He describes the following method of communicating 
Elcctrichy to air. “ Take a charged phial in one hand, and a lighted candle 
insulated in the other ; and going into any room, bring the wire of the 
phial very near to the flame of the candle, and hold it there about half 
a minute, then carry the phial and candle out of the room, and return 
with the pith-balls suspended and held at arms’ length. The balls will 
begin to separate on entering the room, and will stand an inch and a half 
or two inches apart, when brought near the middle of it.” — Friestley^s 
History of Electricity, p. 196. 

With Canton also originated those remarkable experiments on in- 
duction, or as he expressed it, “ relating to bodies immerged in electric 
atmospheres,” which afterwards led Wilke and (Epinus to the method 
^ of charging a plate of air like a plate of glass, and to make the most 
perfect imitation of the phenomena of thunder and lightning. 

(21) The electrical researches of Beccaria bear evidence to his extra- 
ordinarv acuteness and accuracy. He was the first philosopher who 
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diligently investigated and described tbc plienomena of a tlmnder-storm. 
His account of the circumstances attendant on this majestic spectacle will 
be given in the proper place. lie first showed that the polarity of a 
needle was determined by the direction in which the electric current 
passed through it, and that therefore magnetic polarity may be employed^ 
to test the species of Electricity with which a thunder-cloud is charged. 
Ey extending this analogy to the earth itself, he conjectured that 
te 3 ;reStrial magnetism w^as like that of the needle magnetized by Eranklin 
and Dalibardi the mere efiects of permanent currents of natural 
Electricity cstahllsbc.d' and maintained upon its surface by various 
physical causes. He alludes to the vast quantity of the electric fluid 
circulating between different parts of the atmosphere, particularly in 
storms. Of such fluid,” he says, “ 1 think that some portion is 
constantly passing through all bodies situate on the earth, especially 
those which are metallic and ferruginous ; and T imagine ihat it must 
he those currents which impress on Jire-irons and other similar things 
the 'power which they are Jcnoion to acquire of directing themselves 
according to the magnetic meridian when they are properly balanced^ 
The grand discovery of Oersted is in this paragra])h distinctly 
foreshadowed. 

’ (22) Beccaria’s Treatise on Atmospheric Electricity w\as published in 
1753, at Turin, and his Lcttere dell’ Ettricisrno^’ at Bologna, in 1758. 
The latter contain the results of many important investigations. He 
showed that water is a very imperfect conductor of Electricity ; that its 
conducting power is proportional to its quantity, and tliat a small 
quantity of w’ater opposes a pow^crful resistance to tlic electric fluid. 
By discharging shocks through wires placed very near to each other in 
a tube full of water, he succeeded in making the spark visible in that 
fluid, and sometimes burst the tubes. He proved (in conjunction with 
Canton) that a volume of air in a quiescc:it state might be cliargcd with 
Electricity j that the Electricity of an electrified body is diminished 
by that of the air, and that the air parts with its Electricity very slowly. 
Beccaria also decomposed sulphuret of mercury by the electric sparky 
and reduced several metals from their oxides; and he seems to liavc been 
the first to have noticed the bubbles of gas which rose from water when 
the electric spark was transmitted through it, though he formed no 
theory respecting the phenomenon. 

(23) The property possessed by certain minerals of becoming electric 
by heat appears to have been one of the first electrical phenomena 
that engaged the attention of (Epinus, who, in 1736, published an 
account of some experiments, in which he showed that for the develop- 
ment of the attractive powers of the tourmaline, a temperature between 
99^® and 212° Fahrenheit, was requisite. A more important discovery, 
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due to this German philosopher (in conjunction with Wilke), was that 
a plate of air could be charged in a similar manner to a plate of glass, 
by suspending a board covered with tin-foil over another of equal size 
in communication with the earth, and giving it a charge of positive 
Electricity. This experiment was suggested by some remarkable ones 
^f Canton’s and Erankliii’s, in which the grand principle of induction 
was first clearly demonstrated, and the result led, in Volta’s hands, to 
the discoveries of those useful instruments of electrical research, the 
Mectropliorufi and the Condenser. In the year 1759, Q^pinus published, 
at St. Petersburg, a new theory of Electricity, fgunded on the follow- 
ing principles : — 

The particles of the electric fluid repel each other with a force 
decreasing as the distance increases. 

2^\ The particles of the electric fluid attract the particles of all 
bodies, and arc attracted by them with a force obeying the same law. 

The electric fluid exists in the pores of bodies, and while it moves 
without any obstruction in non-electrics, such as metals, water, &c., 
it moves with extreme difficulty in electrics, such as glass, resin, &c. 

Electrical phenomena are produced cither by the transference 
of the fluid from a body containing more, to another containing less of 
it, or from its attracjtion and re])ulsioii when no transference takes place- * 

CEpinus presented Franklin’s theory in a mathematical dress, and 
showed that, to reconcile it with mathematical statement, it was necessary 
to assume that between the matter composing the masses of different 
bodies there exists a mutually repulsive force, acting at sensible 
distances. 

(21) A series of experiments, illustrative of the mutual attraction 
of bodies dissimilarly electrified, was published by Mr. Itobert Lymner, 
in 1750. In pulling ofl* his stockings in the evening he had remarked 
occasionally a crackling noise, accompanied by the emission of sparks. 
Il(' noticed that this phenomenon did not occur with white silk stockings, 
neither did it take place when two black or two white stockings were 
put on the same leg.; but wdicn a black and a white stocking were put 
on the one ov(t the other, powerful signs of electrical excitement were 
manifested on pulling them off, and each showed the entire shape of the 
leg, and at a distance of a foot and a half they rushed to meet each 
other, and remained stuck together with such tenacity that a force of 
several ounces weight was required to separate them. He was also 
enabled to communicate a charge of positive or negative Electricity 
to a Leyden jar, according as the wire was presented to the black or 
v)Mle stocking. 

In consequence of these experiments Lymner was induced to adopt 
a modification of Dufay e’s theory, and to maintain that of two distinct 
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ftuids not independent of each other, as Dufaye supposed tliem to be, 
but co-existent, and by counteracting each other producing all the 
phenomena of Electricity. He assumed that every body contained m 
its natural state equal quantities of these fluids ; that when positively 
electrified a body does not contain a larger share of electric matter, 
but a 'larger portion of one of the active powers, and when negatively 
electrified a larger portion of the other, and not, as Franklin’s theory 
supposes, an actual deficiency of electric matter. Lymner did not 
make any extensive application of his theory, and it did not, therefore, 
at the time it was-prqposed, excite much attention. 

(25) The.names of Cavendish and Coulomb occur at this period of 
our history. The former distinguished physicist undertook a mathe- 
matical investigation of electrical phenomena, and arrived at results 
nearly similar to those of (Epinus, with whose • researches on the 
subject he was quite unacquainted. Cavendish also made some valuable 
experiments on the relative conducting powers of difterent substances. 
He found that the electric fluid experiences as much resistance in 
passing through a column of water one iuch long as it does in passing 
through an iron wire, of the same diameter, 400,000,000 inches long ; 
that water, containing in solution one part of salt, conducts 100 
.times better than fresh water ; and that a saturated solution of sca-salt 
conducts 720 times better than fresh water. He also determined that 
the quantity of Electricity in coated glass of a certain area increased 
with the thinness of the glass, and that in difterent coated plates the 
(juantity was as the area of the coated surface directly^ and as the 
thickness of the glass inversely. By mi'ans of the electric spark, 
Cavendish succeeded in decomposing atmospheric- air, and in the month 
of December, 1787, aided by Gilpin, he demonstrated experimentally 
to the Eoyal Society, the formation of nitric acid, by exploding a 
mixture of seven measures of oxygen gas with three measures of 
nitrogen. Whether the discovery of the composition of water by 
transmitting ah electric spark through a mixture of oxygen and 
hydrogen gases can be justly claimed by Cavendish is a disputed 
question.’*' 

(26) The researches of Coulomb form an epoch in the history of 
electrical science, laying as they did the foundations of Eleclro-statics. 
By means of his balance of torsion he proved, 1st, that, like gravity, 
the electrical forces vary inversely as the square of the distance ; 2nd, 
that excited bodies when insulated gradually lose their Electricity from 
two causes, from the surrounding atmosphere being never free from 

• ' 

* See Lardner ** On the Steam Engine,’* seventh edition, p. 30.3 ; see also Arago’s 
** Historical Eloge of James Watt,” translated by ?«ruirlicad, p, On, et the 

Historical Note by Lord Brougham, appended to the .same. 
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conducting particles, and from .the Incapacity of the best insulators 
to retain the whole quantity of Electricity with which any body may 
be charged, there being no substance known altogether impervious to 
Electricity. Coulomb determined the effect of both of these causes. 
Adopting the hypothesis of two fluids, this able philosopher investijjated 
experimentally and theoretically the distribution of Electricity on the 
surface of bodies, lie determined the law of its distribution between, 
two conducting bodies in contact, and measured its density. -He 
measured, also, the distribution of the fluid on the surface of.a cylinder, 
and satisfactorily illustrated the doctrine of points, ^^^hich formed so 
prominent a part of the researches of Eranklin. Coulomb’s experi- 
ments on the dissipation of Electricity were also important. He found 
that the momentary dissipation was proportional to the degree of 
Electricity at the time, and that when the Electricity was moderate 
its dissipation was not altered in bodies of different kinds or shapes. 
The temperature and pressure of the atmosphere did not produce any 
sensible change, but the dissipation was nearly proportional to the 
cuhfi of the quantity of moisture in the air. He found that a thread 
of gum-lac was the most perfect of all insulators, insulating ten times 
better than a dry silk thread, and he found also that the dissipation 
of Electricity along insulators vras chiefly owing to adhering moisture,- 
but in some measure also to a slight conducting power. 

(27) The phenomena of Electricity having, by the labours of Coulomb, 
been brought within the pale of mixed mathematics, the investigation 
w^as pursued by La Place, lliot, and Poisson. The former illustrious 
mathematician investigated the distribution of Electricity on the surface 
of ellipsoids of revolution, and he showed that the thickness of the 
coating of the fluid at the pole was to its thickness at the equator as 
the equatorial is to the polar diameter, or, what is the same thing, that 
the repulsive force of the fluid, or its tension at the pole, is to that at 
the equator as the polar is to the equatorial axis. This examination 
w^as extended by Biot to splieroids differing little fr,om a sphere, 
whatever may be the irregularity of their figure. He likewise de- 
termined, analytically, that the losses of Electricity form a geometrical 
progression when the two surfaces of a jar or plate of coated glass are 
discharged by successive contacts ; and he found that the same law 
regulates the discharge when a series of jars or plates are placed in 
communication with each other. It is, however, to Poisson that we 
are chiefly indebted for haring brought the phenomena of Electricity 
under the dominion of analysis, ‘and placed it on the same level as the 
more exact sciences. He took as the basis of his investigations, the 
theory of two fluids, pro])osed by Lymner and Dufaye, with such 
modifications and additions as were suggested by the researches of 
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Coulomb. He deduced theorems for determining the distribution of 
the electric fluid on the surfaces of two conducting spheres, when they 
are placed in contact or at any given distance, the truth of which had 
been established, experimentally, by Coulomb, before the theorems 
themselves had been investigated. On bodies of elongated forms, or 
those which have edges, corners, or points, it is shown as a consequence 

. of the theory of two fluids, that the electric fluid accumulates in 
greater depths about the edges, comers, or points, than in other places. 
Its expanpiye force being, therelbre, greater at such parts than else- 
where, exceeds the atmospheric pressure ancl escapes, while at other 
parts of tlue surface it is retained. 

(28) The Electricity developed during the passage of bodies from 
the solid or fluid to the gaseous state, was made the subject of a series 
of experiments, towards the conclusion of the last century, by La 
Place, Lavoisier, Volta, and Saussure. The bodies which were to be 
evaporated or dissolved were placed upon an insulating stand, and 
made to communicate, by a chain or wire, with a Volta’s condenser. 
When sulphuric acid, diluted with three parts of water, was j)ourcd 
upon iron filings, inllaminable air was disengaged with brisk efler- 
vescence, and at the end of a few minutes the condenser w^as so highly 

. charged as to yield a strong spark of negative Electricity. Similar 
results were obtained when charcoal was burnt on a chafing dish, or 
when fixed air or nitrous gas was generated from powdered chalk by 
means of sulphuric and nitrous acids. These experiments pointed ^^to 
natural evaporation as the cause of the disturbance of the general 
electrical equilibrium of the globe, giving a surplus of positive Elec- 
tricity to the air and. leaving the earth surcharged with negative fluid. 
The subject engaged particularly the attention of Volta, who was at 
that time occupied in the investigation of the electric state of the 
air. In the course of his experiments this distinguished philosopher 
had availed himself of the power of flame to attract Electricity, and 
having found that when a taper w^as placed on the point of his con- 
ductor, his Electrometer gave signs of a far larger quantity of Elec- 
tricity than when it was aw'ay, he suggested that the force of storms 
might be much mitigated by lighting enormous fires on elevated 
situations, the air being thereby robbed of its Electricity. It does 
not appear that Volta ever carried this design into effect, though it was 
suggested by Arago that the conjecture might be tested in Stafibrdshire, 
and other English counties which abound in iron furnaces. 

(29) Having thus briefly sketched the prominent features in tho 
history of Statical Electricity up to the period of the commencement 
of the present century, we proceed to a popular investigation of the 
phenomena as they are at present understood. 
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CHAPTEE II. 

Primary phenomena of frictional Electricity — Attraction and repulsion— Positive tfnd 
negative conditions — Conductors and non-conductors — Elec^oscopes and Electro- 
meters — Pyro-Electricity of minerals — Laws of electrical attraction and repulsion. 

(30) Primary •phenomena . — For illustrating the fundamental pheno- 
mena of Electricity ^vc can employ no materials either simpler or better 
than tlioso used by Stephen Gray in 1730. 

1^. If a stout glass tube, about an inch in diameter and 18 or 20 inches 
long, be made dry and warm, and then brisldy rubbed for a few seconds 
with a dry soft silk handkerchief, or better with a piece of oiled silk 
the rougli side of which has been smeared over with “tnosaic gold,” and 
tlicii held near a pitli-ball suspended by a long silk thread, the ball w’iU 
be attracted, and after adhering to the glass for a short time, will be 
repelled to a considerable distance, nor will it be again attracted until it 
has touched some body in conducting communication with th^ earth, and 
tlnis given up the Electricity which it had acquired from the tube; or 
until, by remaining undisturbed for some time, it has lost it by dissi- 
pation into the atmosphere. 

2”. If a stick of common sealing-wax be rubbed with a piece of dry 
flannel, or if a piece of gutta percha such as is used for the soles of shoes 
be lightly rubbed on the sleeve of the coat, and if either be brought near 
tlie pith-ball wdiile under the influence of the Electricity from the glass, it 
will attract it pow'crfully, but soon repel it, when the excited glass will 
again attract it, and the ball may thus be kept for some time vibrating 
betw^een the two substances. 

3®. If two pith-balls be suspended by two silk 
threads and excited either by the glass or by the resin, it 
will be obsen^ed on removing the exciting material, that 
the balls no longer fall into the vertical* position, but 
stand apart at a greater or less angle, apparently repel- 
ling one another as shown in Fig. 1 ; the balls have thus 
acquired properties relatively to each other, similar ‘to 
those which the glass and single ball exhibited after 
contact in the preceding experiment. 

If the pith-balls be suspended by thin metallic wires, or threads, or 
if the silk filaments be moistened, it will be found impossible to excite 
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them permanently ; for the moment the glass, resin, or giitta percha is 
removed, they return to their original condition. 

In order to make these investing phenomena visible at a considerable 
distance, the pith-balls may be advantageously re-placed by skeleton 
globes made by gumming together cross strips of common writing paper ; 
these globes may be two or three inches in diameter, and if the paper be 
smoothly and evenly cut, they will retain an electrical charge for a long 
time.- 

(31) From these simple experiments we Icam several important elec- 
trical facts : — • 

1®. That vitreous substances, such as glass, become electrical by being 
rubbed with certain other substances. 

2°. That in this state they attract light bodies. 

3°. That having once attracted they afterwards repel them. 

4°. That resinous substances, such as sealing-wax, and giitta percha, 
are also capable of receiving electrical excitation by being rubbed. 

5°. That they also attract and then repel light bodies. 

6^. Tliat though excited glass and excited resin agree in their property 
of attracting light matter, the property called forth by friction in each is 
different, for one attracts what the other repels, and vice versa. 

7°. That bodies charged with the same kind of Electricity exhibit a 
disposition to repel each other. 

8^’. That in order that they shall retain for any length of time the 
Electricity communicated to them, they must be insulated from the earth. 

9^. That silk is a substance which possesses this power of insulation. 

10^. That metals and a film of water do not possess this power. 

(32) Eut certain other phenomena attend the excitation of glass and 
resin : e.g. if cither be rubbed briskly in the dark while dry and warm, a 
stream of light will be perceived, a slight crackling noise will be heard, 
and if the hand or face be held near, a sensation similar to that felt on 
touching a cobweb will be experienced. 

(33) The difference which in the foregoing experiments we perceived 
between bodies such as silk, glass, and gutta percha, and others, such as 
cotton, thread, and metal, arises from the circumstance that the former 
class of substances conducts Electricity very badly, while the latter offers 
a ready passage to the same. On this account bodies have been divided 
into two great groups — conductors and non-conductors ; an arrangement 
useful and sufficiently correct for general purposes, though the recent 
researches of Faraday and others have shown us, that as there are in 
reality no substances which can strictly be called perfect conductors of 
Electricity, so there arc none which absolutely refuse a passage to this 
agent. Conductors and non-conductors (so called) differ only in the 
degree of their conducting and insulating power ; and all known siib- 
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stances may be regarded as links of the same chain, at one end of "which 
may he placed the best conductor and at the other the best insulator. 

(34) Gutta percha as an insulator is equal to shell-lac. It is also an 
excellent substance for the excitement of negative Electricity, and might 
4 )robably be used instead of a plate of glass in the construction of an 
electrical machine. As it comes from the manufacturer it is not 
however all equally good, but by warming a piece which is found to con- 
duct, in a current of hot air, and by stretching and doubling it up, and 
kneading it for some time bet’ween the fingers, it b^omes ‘as good an 
insulator as the best. ' Earaday found that after a piece of gutta percha 
had been soaked in water for four days, it insulated as well as ever after 
being wiped and exposed for a few hours to the air. He found this 
substance very useful in his experiments in the form of sheet, or rod, or 
filament. Thus, being tough and flexible when cold, as well as soft wlien 
hot, it serves better than shell-lac in many cases where the brittleness of 
the latter is an inconvenience. It makes very good handles for carriers of 
Ele ctricity in experiments on induction, not being liable to fracture : 
in the form of a thin band or string it makes an excellent insulating 
suspender ; a piece of it in sheet makes a most convenient insulating 
basis for anything placed on it. It forms good insulating plugs for the. 
stems of gold-leaf Electrometers "when they pass through sheltering 
tubes; and larger plugs supply good insulating feet, for extemporary 
electrical arrangements ; cylinders of it, half an inch or more in 
diameter, have great stifiiiess, and form excellent insulating pillars. 
In referejice to its power for exciting negative Electricity, Faraday 
obsmwes that it is hardly possible to take one of the soles sold by 
tlio shoemakers out of paper or into the hand without exciting it 
to such a degree, as to open the leaves of an Electrometer one or 
more inches ; or, if it be un electrified, the slightest passage over the 
hand or face, the clothes, or almost any other substance, gives it an 
electric state. Some of the gutta percha is sold in very thin sheets 
resembling in general appearance oiled silk ; and if a to‘p of this be 
drawn through the fingers, it is so electric as to adhere to the hand or 
attract pieces of paper. 

(35) Mr. Barlow {Fhil. Mag., vol. xxxvii. 1850, p. 428,) observes, that 
if a sheet of about four or five feet superficial area be laid on a surface, or 
held against the wall of a room, and rubbed with the hand or a silk hand- 
kerchief, and then carefully removed by the extreme edges, and held 
suspended in the air, it will give off a brush-like spark of several inches 
in, length to the knob of any conducting surface presented to it ; a similar 
cftect may be produced by causing the sheet of gutta percha to be passed 
once over one, or between tw^o rubbing surfaces, but in order to obtain the 
best effect the hand should pass over the rubbing surface at an angle of 
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about 10^, a greater or less angle being, according to Mr. Barlow’s 
experiments, less favourable to the development of Electricity ; the efiect 
is also much increased by applying a second rubber of silk or horse-hair 
outsido the strip ; the quantity of Electricity developed increasing with 
the surface of the gutta pcrcha. 

Gutta percha may be excited both positively and negatively. If a 
strip about two inches wide and two feet long be laid on a surface and 
rubbed, the two extremities when suspended in the air repel each other, 
and the Electricity is resinous ; but if the strip be folded double and 
rubbed, the upper side exhibits resinous and the Iowxt side vitreous 
Electricity, and the two extremities attract each other. 

(36) Among good conducting substances may be classed all metals, 
charcoal, strong acid, water, steam, smoke, and all vcge?table and animal 
substances containing water ; while among the more or less perfect 
insulators maybe included, guttapercha, shell-lac, amber, resins, sulphur, 
glass, ditferent transparent gems, silk, feathers, air, and all dry gases, 
gun cotton, and organic substances perfectly free from water, &c. A 
substance belonging to the first class when placed upon one in the second 
list, is said to be insulated from the earth. Atmospheric air must, it 
•is clear, be ranked among the most perfect non-conducting bodies, for if 
it gave a free passage to Electricity, the cleetri(;al efTects excited on the 
surface of any body surrounded with it would quickly disappear, and no 
permanent charge could be communicated: but this is contrary to 
experiences Water, on the other hand, whether in tlie liquid or 
vaporous form, being a conductor, though of an order very inferior to 
that of the metals, affects in a very important manner all electrical 
experiments, as it is constantly present in the atmosphere in greater 
or less quantity, hence one of the reasons why electrical experi- 
juents are made 'with more facility, and the desired efTects produced 
with more certainty and success in cold and dry weather, when the 
atmosphere holds but little aqueous vapour suspended in it; another 
injurious tendency of the w'atery vapour in the atmosphere is, that 
which it has to become deposited on the surfaces of bodies, thereby 
destroying their insulating po'wer. The insulating supports of elec- 
trical apparatus arc usually made of glass on which moisture is very 
readily deposited ; they ?}hould therefore be coated with a thin layer of 
gum-lac dissolved in spirits of wine, or for delicate experiments be made 
altogether of shcll-lac, or gutta percha. 

(37) The nature of conduction has received much elucidation from the 
beautiful experiments of Paraday (P/«7. Trans. 1833). He found that 
though the insulating power of ice was not effective with Electricity 
of exalted intensity, yet that the thinnest film was sufidcient to obstruct 
altogether the circulation of Electricity in a very pow^erful galvanic 
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battery ; chloride of lead, chloride of silver, sulphuret of antimony, and 
a,great number of other salts possessed the same property, that, namely, 
of stopping completely the transmission of the electrical current while 
solid, but allowing its ready passage when liquefied. Other bodies, such 
^as sulphur, phosphorus, orpiment, realgar, spermaceti, sugar, shell-lac, 
&c., refused a passage to the current, whether liquid or solid. 

Faraday gives the following conditions of electric conduction in bodies, 
which, though they apply chiefly to voltaic Electricity (under which 
division of our subject we shall further consider them),^are yet true within 
certain limits for ordinary Electricity. 

1”. All bodies from metals to lac and gases conduct Electricity in the 
same manner, but in very different degrees. 

Conducting power is in some bodies powerfully increased by heat, 
and in others diminished ; yet without our perceiving any accompanying 
electrical diftcrence either in the bodies, or in the changes occasioned by 
the Electricity conducted. 

3^1 There arc many bodies which insulate Electricity of low intensity, 
when solid, but conduct it very freely when fluid, and are then decom- 
posed by it. 

But there are many fluid bodies wdiich do not sensibly conduct 
Electricity of this low intensity; there are some which conduct it and are 
not decomposed, nor is fluidity essential to decomposition. . 

There is but one substance (periodide of mercury) which, insulating 
a voltaic current when solid and conducting it when fluid, is not decom- 
posed in the latter case. 

()^. There is no electrical distinction of conduction which can as yet 
be drawn botwiHMi bodies supposed to be elementary and those known to 
be compounds. 

(38) In a subsequent paper (Phil. Trans. 1835), Faraday expresses 
his conviction that insulation and conduction depend upon the same 
molecular action of the dielectrics concerned, — are only extreme degrees 
of one common condition or effect, and in any sufiicieirt mathematical 
theory of Electricity must be taken as cases of the same kind ; they are 
the same in principle and action, except that in conduction an cfiect 
common to both is raised to the highest degree, w'hereas in insulation it 
occurs in the best cases only in an almost insensible quantity. The beauti- 
ful experiments of Wheatstone have showui that even in metals time enters 
as an element into the conditions of conduction, affording therefore a 
proof of retardation ; and Faraday has been able to trace the progress of 
conduction as it 'were step by step through masses of spermaceti, glass, 
and shell-lac, acknowledged insulators ; but retardation is in the latter 
case insulation, and there seems no reason for refusing the same relation 
to the same exhibition of force in metals. 
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(39) In the following list the bodies, are arranged in their order of 
conducting power, according to the present state of knowledge on tbe 
subject, and though probably not absolutely correct, it will serve to 
show how insensibly conductors and non-conductors merge into each 
other. . 


All the metals. 

.Well burnt charcoal. 

Plumbago. 

Concentrated acids* 

Powdered* charcoal. 

Dilute acids. 

Saline solutions. 

Metallic ores. 

Animal fluids. 

Sea water. 

Spring water. 

Eain water. 

Ice above 13^ Pahr. 

Snow. 

Living vegetables. 

Living animals. 

Flame smoke. 

Steam. 

Salts soluble in water. 

Earefied air. • 

Vapour of alcohol. 

Vapour of ether. 

Moist earth and stones. 
Powdered glass. 

Flowers of sulphur. 

Dry metallic oxides. 

Oils, the heaviest the best. 
Ashes of vegetable bodies. 
Ashes of animal bodies. 

Many transparent crystals dry. 
Ice below 13^ Fahr. 
Phosphorus. 

Lime. 


Dry chalk. 

Native carbonate of barytes. 
Lycopodium. 

Caoutchouc. 

Camphor. 

Some siliceous and argillaceous 
stones. 

Dry marble. 

Porcelain. 

Dry vegetable bodies. 

Baked wood. 

Dry gases and air. 

Leather. 

Parchment. 

Dry paper. 

Feathers. 

Hair 

Wool. 

Dyed silk. 

Bleached silk. 

Eaw silk. 

Transparent gem s . 

Diamond. 

Mica. 

All vitrifications. 

Glass. 

Jet. 

Wax. 

Sulphur. 

Eesins. 

Amber. 

Shell-lac. 

Gutta percha. 


(40) Opposite Electricities , — We have seen that excited resin and 
excited glass, though they both attract light substances, exhibit each a 
different kind of force. Hence the name of resinous Electricity as 
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applied to the formed, and of vitreous as applied to the latter. These 
tprms are, however, very objectionable, implying, as they do, that when 
vitreous bodies are excited they are always electrified with one species 
of Electricity, and that when resinous bodies are excited they are 
^always electrified with the other. But this is by no means the case ; for 
example : 

1^. When a glass rod is rubbed with a woollen cloth, it repels a 
pith-ball which it has once attracted : but if the cloth be presented^ it 
will be found to attract the excited ball. We hence conclude, that as 
the glass was vitreously electrified, the woollen clbth*must be resinomly 
electrified. 

2^. When a stick of sealing-wax is rubbed with a woollen cloth, it 
repels a pith-ball which it has once attracted; but if the cloth be 
presented it will be found to attract the excited ball. Hence, by a 
similar reasoning, we are led to the inference that the cloth is vitreously 
electrified. 

3^. When a piece of polished glass is rubbed, first with a woollen 
cloth and then with the fur of a cat, and examined after each excitation 
by a pitli-ball, it is found in the first case vitreous^ and in the second 
resinous. A woollen cloth and a piece of glass may thus be made to 
exhibit both kinds of Electricity ; the terms vitreous and resinous do 
not therefore convey to the mind a proper impression of the nature of 
the two forces. 

(41) The tenm positive and negative, though they take their origin in 
a theory of Electricity which is not now recognized as compatible with 
observed phenomena, are less objectionable, and have accordingly 
partially superseded the other terms. Fositive Electricity, then, is that 
which is produced upon polished glass when rubbed with a woollen 
cloth ; and negative Electricity is that which is produced upon a stick of 
sealing-wax wdien rubbed. Qne hind of JElectricity cannot he produced 
without the other; and of two substances which hy mutual friction 
excite Flectricity, one is invariably positive, and the other negative, after 
the friction. 

(42) K two persons stand on two stools with glass legs, and one 
strike the other two or three times with a well-dried cat’s fur, he that 
strikes will have his body charged positively, and he that is struck will 
be electrified negatively. A spark may, in fact, be sometimes obtained 
from the face of either, by a person in contact with the earth. There is 
no substance so easily excited as the fur of a cat ; and most persons are 
Aware of the fact, that if in dry weather the hand be passed briskly 
over the back of a living cat, the hairs will frequently bristle, and bo 
attracted J5y the hand, and sometimes a crackling noise will be heard, 
and a spark obtained. These eftects are occasionaly observed with the 



24 


STATICAL OB BBICTIONAL ELEOTBIOITT. 


human hair, which, when clean, dry, and free from grease, is electrified 
with great facility by friction, and this is especially the case with fair 
hair which is in general fine and pliable. Even in damp weather, if a 
person stand on an insulating stool, and connect himself with a con- 
denser connected with a gold leaf Electroscope, and any one standing on^ 
the fioor draw a comb rapidly through his hair, on drawing back the 
uninsulated plate of the condenser, the gold leaves of the Electroscope 
will diverge with positive Electricity ; if the person using the comb 
stand on the stool and connect himself with the condenser, as he combs 
the gold leaves will open with negative Electricity. In dry weather the 
condenser is not required for this experiment. 

(43) The following table given by Singer (JElements of Mectricity, 
p. 33), on the authority of Cavallo, exhibits these effects between a 
variety of substances. 


la rendered By friction with 

The back of a cat Positive Every anhstance with which it has hitherto been tried. 

Smooth glass j Positive j substance hitherto tried except the back of a 

V i cat. 


Bough glass 
Tourmaline 

Hare’s skin 

White silk 

Black silk 

Sealing wax 
Baked wood 


f Positive 
Negative 

\ Positive 
i Negative 

I Positive 

L Negative 
i Positive 
( Negative 
( Positive 



(' Positive 
I Negative 

( Positive 
Negative 


Dry oiled silk, sulphur, metals. 

Woollen cloth, quills, wood, paper, sealing wax, wLUc 
wax, the human hand. 

Amber, blast of air from bellows. 

Diamonds, the human hand. 

Metals, silk, loadstone, leather, hand, paper, baked 
wood. 

Other finer furs. 

Black silk, metals, black cloth. 

Paj»er, hand, hair, weasel’s skin. 

Sealing wax. 

Hare, weasel, and ferret fur, loadstone, brass, silver, 
iron, hand, white silk. 

Some metals. ^ 

Hair, weasel, and ferret fur, hand, leather, woollen 
cloth, paper, some metals. 

Silk. 

Flannel. 


Singer founds that sealing-wax is "rendered negative by friction with 
iron, steel, plumbago, lead, and bismuth ; and he remarks that in order to 
arrive at an accurate conclusion, many repetitions of each experiment 
are necessary, as the least difference in the conditions will occasion 
singular varieties of result ; for example, positive Electricity may be^ 
excited in one stick of sealing Avax and negative in another, if the 
former have its surface scratched and the latter be perfectly smooth. 

(44) Electroscopic Apparatus , for indicating the pre- 
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sence and kind of Electricity ar^ called lElectroscopes ; those hy 
which its quality under various conditions is measured, are called 
Mectrometers, Various forms have been given to both classes of 
instruments, the necessary conditions being that they should be very 
light, and be capable of moving on the application of the smallest 
force. A pith-ball, or a paper skeleton globe suspended by a silk 
thread is, in many cases, sufficient to detect the presence and specie?^ 
of Electricity on a body. It may first be charged by touching it with 
an excited glass rod, and the body to be examined, then .brought near 
it, if it attract the ball, its Electricity is negative, if it repel it, it is 
positive; if it have no effect on the ball it is not electrified, or at 
least not sufficiently so to produce a force strong enough to overcome 
the rigidity of the silk string. A more delicate test is a strip of Dutch 
metal attached to a slip of paper, and suspended from a stick of sealing 
wax. 

(45) The Electroscope of Gilbert and Haiiy consisted of a light 
metallic needle, terminated at each end by a 
light pith-ball covered with gold leaf, and 
supported horizontally by a cap at its centre ^ 
on a fine point. The attractive and repulsive 
action of any electrified body presented to 
one of the balls being indicated by the move- 
ments of the needle. 

Canton’s Electroscope consisted of a pair of 
pith-balls suspended by fine linen threads (20), 
which Cavallo modified and made portable by fitting it up, as shown in 
Eig. 3, where B shows the instrument in a state of action. When it 
is unloosed, the end B, carrying the pith- 
balls, is screwed off, and the balls arc put 
into the glass tube A, which serves for a 
handle. This glass case is three inches 
long and three-tenths of an inch wide, 
and half of it is covered wdth sealing wax. 

A cork, tapering at both ends, is made to 
fit the mouth of the tube, and to one end 
are fixed two fine silver wires, carrying 
two small cones of dry elder pith. The 
case of the Electrometer C, encloses 
at one end a piece of amber for giving 
negative Electricity, and at the other end 
a piece of ivory insulated upon a piece of amber, for giving positive 
Electricity to the balls when rubbed with a piece of woollen. 

(I'O) An excellent arrangement of the balanced needle Electroscope 
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Fig. 4. ' is shown in Tig. 4. It 

» Abo b consists of a short bent 

brass wire, A, B, C, to eitlier 
end of which is fixed a reed, 

so as to form arms of un- 

0 

equal length. The longer 
arm carries, at its extremity, 
a disc of gilt paper, D, about 
half an inch in diameter, 
and the shorter arm a small metallic ball, E. The whole is balanced 
on a finely pointed wire, supported on a rod of varnished glass. The 
arms are elongated or contracted, and the balance thus adjusted by 
sliding the reeds upon the wire. The disc, D, is electrified either 
positively or negatively, and the body, the nature of the Electricity of 
which is to be examined, is presented to it. If we desire merely to 
detect the presence of Electricity by its attractive force, we uniiisulate 
the needle by hanging a metallic wire from the pointed rod of support, 
and then present the excited substance to the disc 1). 

(47) A still more delicate Electroscope, and one which retains its 
charge for a long time, even under unfavourable circumstances, such 

*for instance, as in a crowded room, is made by suspending from a 
Fig. 5. wooden frame, by a fiue silk or glass filament, C 

(Fig. 5), a delicate rod of lac, D, carrying at one 
of its ends a gilt paper disc, B. This disc, in its 
natural state, will be attracted by any electrified 
body, but if a charge of positive or negative Elec- 
tricity be previously given to it, it will be attracted 
or repelled, in accordance with electrical laws; and 
as its indications are visible at considerable distances, 
it is a form of Electroscope well adapted for the 
lecture room. A stick of lac, carrying at one end 
a gilt paper disc, forms a very convenient apparatus 
for conveying small charges of Electricity from one 
body to another ; the paper should be smoothly 
gilt and the edges free from asperities. 

(48) Fig. 6 represents Sir William Snow Harris’s Electroscope, which 
acts on the principle of divergence. A small elliptical ring of metal, a, 
is attached obliquely to a small brass rod, a h, by the intervention of a 
short tube of brass at a : the rod a h terminates in a brass ball, b, and is 
insulated through the substance of the wood ball, n. 

Two arms of brass, r r, are fixed vertically in opposite directions on 
the extremities of the long diameter of the ring, and terminate in small 
balls ; and in the direction of the shorter diameter within the ring there 
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is a delicate axis set on extremely fine 
points: this axis carries, by means of 
short vertical pins, two light reeds of 
straw, 8 8, terminating in halls of pith, 

^and constituting a long index, correspond- 
ing in length to the fixed arms above- 
mentioned. 

The index thus circumstanced is sus- 
ceptible of an extremely minute force ; 
its tendency to a vertical position is 
regulated by small sliders of straw, move- 
able Avith sufficient friction on either side 
of the axis. 

To mark the angular position of the 
index in any given case, 
there is a narrow graduated / 
ring of card-board or ivory 
placed behind it. The 
graduated circle is sup- 
ported on a transverse rod 
of glass by tlie intervention 
of wood caps, and is sus- 
tained by means of the 
brass tube, a, in which the 
glass rod is fixed. 

The whole is insulated on a long rod of glass. A, by means of wood 
caps terminating in spherical ends. In this arrangement, as is evident, 
the index diverges from the fixed arms whenever an electrical charge is 
communicated to the ball as shown in the lower figure. The 
instrument is occasionally placed out of the vertical position at any 
required angle by means of a joint at m, and all the insulating portions 
are carefully varnished with a solution of shell-lac in alcohol. 

This instrument is, to a certain extent, an Electrometer, as well as an 
Electroscope, but its applications are, as Sir W. Harris observes, very 
limited, for though the amount of divergence does increase with the 
quantity of Electricity in operation, we are not able to ascertain the 
ratio of increase because of the diminishing force of repulsion as the 
divergence increases. 

(1*9) But the most elegant and the most generally useful of this 
^lass of instruments is the gold leaf Electrometer, invented by the 
Eev. Mr. Bennett, and improved by Mr. Singer. The original instru- 
ment is shown in Eig. 7, and is thus described by its author. “It 
consists of tw^o slips of gold leaf suspended in a glass. The foot may be 


Fig. 6. 
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FiV. 7. made of wood or of metal i the cap of metal. The cap is 
made flat on the top, that plates, books, evaporating water, 
or other things to be electrified, may be conveniently placed 
upon it. The cap is about an inch wider in diameter than 
the glass, and its rim about three quarters of an inch broad, 
which hangs parallel to the glass to turn off the rain and 
keep it sufficiently insulated. Within this is another circular 
rim, about half as broad as the other, which is lined with silk 
velvet, and fits close on the outside of the glass ; thus the cap 
fits Well, and may be easily taken off to repair any accident 
happening to the leaf gold. Within this is a tin tube, hanging from 
the centre of the cap, somewhat longer than the depth of the inner 
rim. In the tube a small peg is placed, and may be occasionally taken 
out. To the peg, W'hich is made round at one end and flat at the other, 
two slips of gold leaf are fastened, with paste, gum-water, or varnish. 
These slips, suspended by the peg, and that in the tube, fast to the 
centre of the cap, hang in the middle of the glass, about three inclu'S 
long and a quarter of an inch broad. In one side of the cap there is 
a small tube to place wires in. It is evident that without the glass 
the gold leaf w'ould be so agitated by the least motion of tlie air that 
‘it would be useless ; and if the Electricity should be communicated to 
the surface of the glass it would interfere with the repulsion of the 
gold leaf, therefore two long pieces of tin-foil are fastened with varnish 
to the two opposite sides of the internal surface of the glass, where 
the gold leaf may be expected to strike, and in connexion with the 
foot. The upper end of the glass is covered and lined with sealing 
wax as low as the outermost rim, to make its insulation the more 
perfect.” 

Mr. Singer, reflecting that the perfection of insulators is constantly 
diminished by the deposition of moisture from the atmosphere on their 
8. surfaces, and that this deposition w ould necessarily 
be retarded by enclosing the insulator within a narrow 
channel, w^as led to make the capital improvement in 
Bennett’s Electroscope, illustrated in Eig. 8. The 
insulation is here made to depend on a glass tube, 
four inches long and one fourth of an inch internal 
diameter, covered, both on the inside and outside, with 
sealing-wax, and having a brass wire of a sixteenth or 
twelfth of an inch thick and five inches long, passing 
through its axis, so as to be perfectly free from contact 
wdth any part of the tube, in the middle of which it is 
fixed with a plug of silk or of gutta percha, which 
keeps it concentric with the internal diameter of the tube ; a brass cap, 
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A, is screwed upon tlie upper part of this wire ; it serves to limit the , 
atmosphere from free contact with the outside of the tube, and at the 
same time defends its inside from dust. To the lower part of the wire 
the gold leaves are fastened. — Singers Electricity. 

. (50) The process of applying or replacing the gold leaves is very 
tedious and difficult unless proper means are resorted to in their 
management. In the first place, leaf of the best quality should be 
employed, and it should be cut* on ^ hard leather cushion, with .a 
clean flat dry knife. The edge of the knife should be* drawn with 
pressure over the slip parallel to one of the sideS-of the leaf. When 
cut, the slip is raised from the cushion by applying to it ^ small short 
slip of gilt paper, gently moistened at one end with the lips, and in 
adjusting the leaves on the instrument a very thin slip of gilt cork 
should be inserted between them in order to separate them a little, 
so as to allow of their hanging parallel and free without touching. — 
Harris's Budimentary Electricity. 

The mode of manipulation with the gold leaf Electroscope and the 
precautions requisite in interpreting its indications, will be best under- 
stood after we have investigated that important class of electrical 
plunioinena comprehended under the name of induction. 

(51) A gold leaf Electroscope of great delicacy, in which a single 
kaf is employed, was invented by Dr. Eobert Hare, of the university 
of Pennsylvania, (Silliman's Journal, voL xxv.) The leaf, about three 
inches long and three-tenths of an inch wide, is suspended, according 
to Singer’s method, in the centre of a globular or other shaped glass 
vessel, from a brass wire surmounted with a brass cap. A similar rod 
of brass, carrying at each end a small disc of brass or gilt wood, about 
half an inch in diameter, passes through the side of the vessel, so that 
the internal disc shall be immediately opposite the lower end of the 
suspended leaf. This wire slides freely through a socket, so that the 
internal di.se may be adjusted at any required distance from the leaf. 

This instrument is shown in Fig. 9. AVhen it • yig. 9 . 

is employed to detect Electricity the lateral 
wire is uninsulated by hanging a wire from it 
to the earth, and the body to be tested is brought 
into contact wdth the cap. If the distance be- 
tween the gold leaf and the disc, B, is very small, 
the most minute force of attraction is made 
apparent. When it is required to determine the 
hind of Electricity wdth which a body is charged, 
the insulhted disc, B, is brought as near as possi- 
ble to the leaf, and electrified either positively 
(with excited glass), or negatively (with excited 
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wax), the gold leaf is first attracted and then repelled. Under these 
circumstances the body to be tested is brought into contact with the 
cap, or mth D ; if its Electricity be of the same nature as that’ with 
which the leaf is charged, the latter will diverge more freely; if of 
the contrary nature it will collapse towards B. 

Mr. Gassiot has improved this form of Electroscope (Phil. Trans. ^ 
1844), by placing a gilt disc on each side of the gold leaf, and with 
this modification of the instrum^t he obtained signs of tension in a 
single cell of the voltaic battery. 

(62) By substiiutiiTg for the gilt discs, in Hare’s Electroscope, the 
poles of the dry electric column the sensibility of the instrument 
is wonderfully increased. An apparatus of this kind was first con- 
structed, in 1820, by Bohnenberger. It is shown in Eig. 10, as 
Fig- 10- subsequently improved by Becquerel. A B is a 

dry electric column of about 600 pairs, about a 
quarter of an inch in diameter, occupying, when 
the plates are pressed together, from two to two 
and a half inches in length. To the ends of this 
pile are adapted two bent wires, terminating in two 
gilded plates, P, N, which constitute the poles of 
the battery. These plates, which are two inches 
long and half an inch wide, arc parallel and oppo- 
site to each other, the gold leaf, D, being suspendeef 
betw^een them. How, if the leaf hang exactly mid- 
way between the terminal plates of the column, 
it will be equally attracted by each, and will there- 
fore remain in a state of repose, but the most 
minute quantity of Electricity communicated to 
the cap of the instrument will disturb this neutral 
condition of the leaf, and it will immediately move towards the plat(^ 
which has the opposite polarity. Mr. Sturgeon describes (Lectures on 
Galvanism, 1848) a somewhat similar arrangement, the delicacy of which 
he states to be such, that the cap, being of zinc and of the size of a 
sixpence, the pendent leaf is caused to lean towards the negative pole 
by merely pressing a plate of copper, also the size of a sixpence, upon 
it, and when the copper is suddenly lifted up the leaf strikes. The 
different electrical states of the inside and outside of various articles of 
clothing were readily ascertained by this delicate Electroscope. 

(53) Pyro- Elec Ir icily of Minerals. — But it is not by friction alone 
that Electricity is developed ; the natural Electricity of a substance 
is disturbed by almost every form of mechanical change to which it 
can be submitted; mere pressure is quite sufficient for the purpose. 
If two pieces of common window glass be pressed firmly together, and 
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in this state brought ' near a gold leaf Electrometer, no disturbance 
of the leaves will ensue ; ^ut if they be suddenly separated, and one 
piece brought near the Electrometer (being held by a handle of sealing- 
wax), the presence of free Electricity will be demonstrated, one piece 
proving to be positive, and the other negative. 

If sulphur be poured whilst melted into a conical glass, and furnished 
with an insulating handle, or a piece of glass or silk, it will, when cold, • 
indicate no free Electricity, but on removing the cone of sulphur from 
the glass, and presenting it to the Electroscope, it will be* found to be 
negatively excited, the glass itself being positive. • . 

(54) Some minerals become electrical by being heated;- the tour- 
maline possesses this property in a particularly marked manner. This 
mineral crystallizes in long slender prisms, its primitive form being an 
obtuse rhomb, the axis of which coincides with the axis of the prism. 
By friction it acquires positive or vitreous Electricity, and w-hen two 
tourmalines are rubbed together, the one acquires positive and the 
other negative Electricity. The pyro-electricity of the tourmaline 
was minutely investigated by Haiiy, who found that the Electricity 
was distrfbuted over the crystal ne%ly in the same manner as on a 
cylindrical conductor, electrified by induction (71). The positive 
Electricity was at a maximum near one extremity of the crystal, and 
gradually diminished tow-ards the middle, where it disappeared. Here 
tlic negative Electricity appeared very faintly, and gradually increased 
towards the other end of the crystal near which it was at a maximum. 
If a tourmaline, when rendered electrical by heat, be broken in pieces, 
each piece will have a positive and a negative pole, from w-hichever 
end of the crystal it be broken, the extremity of the fragment always 
possessing the same kind of Electricity as that of the pole to which 
it w-as nearest when it formed part of the crystal. As w^e have already 
stated (23), it had been noticed by ffipinua that the tounnaline becomes 
electrical only at a particular temperature, above and below which its 
Electricity disappears. It was found, howwer, by Hauy that at a 
certain degi’ec of coldness, the Electricity of the mineral re-appears, 
and gradually increases till it reaches its maximum, when it again 
gradually disappears ; but what is very remarkable, the Electricity 
is not the same as before, the pole that was formerly positive being 
now negative. 

(55) Sir David Brewster has given the following list of minerals and 
artificial crystals in which he has detected the property of becoming 
electrical by heat : — 

AllKERALS. 

Calcareous Spar. ' Sulphate of Barytes. 

Beryl, Yellow. ; Sulphate of Strontia. 
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Carbonate of Lead. 
Diopside, 

Fluor Spar (red). 
Fluor Spar (blue). 
Diamond. 

Tellow Orpiment. 
Analcime. 


Amethyst. 

Quartz. 

Idocrase. 

Mellite. (?) 
Sulphur (native). 
Garnet . 
Dichroite. 


ABTIFICIAL CETSTALS. 


Tartrate of Fotash and Soda. 
Tartaric Acid. 

Oxalate of Ammonia. 

Chlorate of Potash. 

Sulphate of Magnesia and Soda. 
Sulphate of Ammonia. 

Sulphate of Iron. 


Sulphate of Magnesia. 
Prussiate of Potash. 
Sugar. 

Acetate of Lead. 
Carbonate of Potash. 
Citric Acid. 

Corrosive Sublimate. 


Fig. 11. 


To the above list must be added oxalate of lime, which, according to 
Faraday, stands at the head of all bodies yet tried, in its power of 
becoming positively electrical bjpheat. At a temperature •of about 
300^ Fahrenheit, it becomes so strongly electrical wlnm stirred in a 
basin with a platina spatula, that it cannot be collected together ; and 

when its particles are well excited and 
shaken on the top of a gold leaf Elec- 
trometer, the leaves diverge two or throe 
inches. When this salt is excited in a 
silver basin, and left out of contact with 
the air, it continues electrical for a great 
length of time, j)roving its very bad con- 
ducting power, in whi(di it probably sur- 
passes ail other bodies. 

(5G) Electrometers ; law of electrical 
attraction and repulsion . — It has been 
mentioned (20) that the law of electrical 
attraction and repulsion was determined 
by Coulomb with the aid of his Torsion 
Electrometer. This exquisite contrivance 
is showm in Fig. 11, w here A B C 1) is a 
glass cylinder, which is covered with a 
plate of glass, A B, thirteen inches in 
diameter. This plate is perforated with 
two holes, e and a, the former being in- 
tended to receive a tube of glass, e G, two 
feet high, carrying on its upper end a 
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torsion Micrometer, consisting of a graduated circle, M N, an index, M, 
and a pair of pincers, opened and shut by a ring, for holding a slender 
silver or glass wire, Gr H, whose lower end, H, is also grasped by a 
similar pair of pincers made of copper, and about a line in diameter. 
Through a hole in these copper pincers there passes a horizontal needle, 
c d. This needle consists of<i silk thread or straw, covered with sealing- 
wax, at the end of it, at d, about eighteen lines long, is a cylinder of 
gum lac. It is terminated at c by a ball of pith of elder, about two. or 
three lines in diameter, and at by a vertical vane of j)aper covered with 
turpentine. A circular band of paper, E E, divided into 360®, is pasted 
round the cylinder, on a level with the needle, and at the Tiole, a, there 
is introduced a small cylinder, a by the lower end of which, made of gum 
lac, carries another ball, b, of the pith of elder. The instrument is 
adjusted when a line passing through the centre of the silver wire, G H, 
at P, passes also through the centres of the balls b and c, and points to 
the centres of the graduated circle, E F. 

(57) In this instrument the force of electrical repulsion is balanced 
against the reactive force of the glass or silver thread, which is twisted 
more or^ less from its quiescent position. In using it a charge is 
communicated to the ball by which is then brought into contact with the. 
ball Cy mutual repulsion takes place (31), and the needle, c dy is turned 
through a certain arc. By turning however the micrometer button in 
the direction N P, the wire, G 11 is twisted and caused to return to its 
first position and point to the zero of the scale; this being done, ikis 
(ivident that the force of torsion has been made to balance the repulsive 
force of the two balls e c, and that by comparing the force of torsion, 
which balanced the repulsive forces at different distances of the balls, 
measures of tlie repulsive forces at tliese distances may be obtained. 

Tlie details of an experiment made by Coulomb will serve to illustrate 
the method of using, and the nature of the indications of this instrument. 
He (jommunicated an electrical charge to by and having brought it into 
contact 'with c, the latter w'as repelled, and finally took up a position at 
an angle of 30® from b, the wire G H had therefore become twisted 
through an angle of 30?. Coulomb now turned the micrometer button 
till the distance betwxHui the balls was diminished to 1 8®, but to do this 
he found that the index M required to be moved over 126® of the gradu- 
ated circle M N. Now 126® added to 18® (the former torsion) = 144®. 
The reactive force of torsion at 36® and 18®, is therefore 36 and 144, or 
in other words, when the distance- is diminished one half the force had 
increased four times. Again, to maintain the balls at a distance of 85 ® 
apart, the angle of torsion was 675i®, or very nearly 144 X 4, showing 
that when the distance is diminished one fourth (or very nearly so) the 
force has increased eight tmesi From this and similar experiments at 
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other distances, Coulomb established the important electrical law, ^Hhat 
two small spheres, electrified hy similar electricities, repel each other with 
a force inversely proportional to the sqiiares of the distances between their 
centres.' 

(58) In applying the torsion Electrometer to the determination of the 
law of the attractive force between two oppositely excited bodies, a slight 
modification of the apparatus was requisite in order to prevent the balls 
froin rushing into contact, in consequence of the attractive for(jo increasing 
in a greater ratio than the force of torsion. The difficulty was provided 
against by extending a thread of fine silk vertically between the top and 
bottom of the case having its ends attaclied to them by wax, and allowing 
the fixed ball to remain in contact with it at the commencement of the 
experiment. When the two discs are oppositely electrified, the moveable 
disc is forced from the fixed disc by turning the Micrometer in a direction 
contrary to that in which it was moved in former experiments. In this 
way Coulomb obtained results which gave him the same law for electrical 
attractions as for repulsions, viz. : — that their energy diminished in the 
same proportion as the sqiuire of the distance between the electrified 
bodies was increased. 

, (59) In consequence of the great care required in manipulating with 
the torsion balance, and the difficulty of estimating accurately the loss 
of Electricity in two charged conductors during the performance of an 
experiment. Coulomb’s researches do not appear to have been often 
repeated, though Biot, Poisson, and other IVcnch mathematicians, rest 
their mathematical theory of Electricity entirely upon them ; Faraday 
however employed this instrument in his investigations into the nature 
of induction, and he* describes {Ex. Besearch. 1180 — G) (?ertain pre- 
cautions needful in its use. In order to ensure uniformity in the 
inductive action within the cylinder in all positions of the repelled ball, 
and in all states of ihe apparatus, he attached two bands of tin-foil, each 
about an inch wide, to the inner surface of the cylinder, connecting them 
with each othcr*and with the earth ; he also kept a dish of fused potash 
covered with a fine wire gauze at the bottom of th(i case, so as to keep 
the air within in a constant state of dryness. He directs particular 
attention to the pith-balls, which, even when carefully turned and gilt, are 
frequently too irregular in form to retain a charge undiminished for a 
considerable length of time ; they should always be examined previous to 
use, and rejected if they do not hold their charge and become instantly 
and perfectly discharged by the touch of an uninsulated conductor ; and 
the insulating condition of the instrument, as thus constructed under 
fair circumstances, is such, that when the balls are electrified so as to 
give a repulsive torsion force of 400® at a standard distance of 30®, it 
takes four hours to sink to 50® at the sametlistance; the average loss from 
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400” to 800” being at the rate of 2” 7' per minute ; from 300” to 200” of 
1” 07' per minute ; from 200” to 100” of 1” 3' per minute; and from 100” to 
50”, to 0” 87' per minute. Now as a complete measurement by the instru- 
ment may be made in much less than a minute, the amount of loss in that 
time is but small and can easily be taken into account. Faraday thinks that 
thougli it requires experience to be understood, the Coulomb balance Elec- 
trometer is a very valuable instrument in the hands of those electricians 
who will take pains by practice and attention to learn the precautions 
needful in its use. , 

(60) The truth of Coulomb’s law, both in the case of simply electrified 
conductors, and in bodies upon which given quantities of Electricity have 
been accumulated, has been confirmed b)'’ Sir William Snow Harris, to 
whom electrical science is indebted for many beautiful discoveries and 
important practical applications. 

The apparatus employed by Sir William in investigating the law of 
the attractive forces of l^^lectricaty accumulated in jars and batteries is 
shown in Fig. 12, and is thus described by the author (JPliih Tram. 1834). 

Fig. 12. 



Fig. N represents a simple balance suspended from a curved brass rod 
nji. N can be raised or depressed through small distances by a nlicro- 
meter screw at and can be also elevated or depressed by the graduated 
sliding tube n o. The tube o is screwed on a brass cap fixed on the 
glass column N, through the centre of which passes a stout brass wire. 

n 2 
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A conducting substance w, of any required form, is suspended by a double 
silver thread from one of tbe arms of the beam ; it is made of light wood, 
is hollow and gilded. This body is accurately counterpoised by weights 
placed in the scale pan suspended from the opposite arm ; a similar 
conductor is fixed immediately under the former, and is supported on 
a graduated sliding tube «, insulated on the glass pillar j?; the pan 
when loaded with given weights, rests on a small plate of wood, whose 
altitude can be easily adjusted by means of the sliding brass rodr ; the 
whole is fixed oh an elliptical base furnished with three levelling screws. 

When the lower conductor, w', is connected with one side of an 
electrical jar E, through the substance of the ball and the suspended 
conductor w, with the opposite side, by means of the suspension thread, 
and the wire passing through the column N, then the attractive force 
arising from a given accumulation is caused to act immediately between 
these conductors m and may be measured under given conditions by 
weights placed in the pan t 

The distance betw'een the nearest points of the conductors m is 
accurately e|timated in the following way. The insulated conductor w , 
being raised to zero of the graduated tube, so as to touch, or very nearly 
So, the suspended body m, the points of contact are mjnutely formed by 
the micrometer screw h. The body m is now depressed a given quantity 
as measured by the divisions on the side, and hence the distance between 
m and m is accurately known ; when this distance requires to be greatly 
increased, it is effected by raising the beam, which is easily d(tie by 
means of the graduated slide n o, but in eftecting this it is essential to 
raise at the same time the pan % so as to preserve the index rod of 
the beam exactly vertical. 

(61) The following experiments made with this instrument show 
that the laws which obtain in the distribution of Electricity on insulated 
conductors, obtain likewise in the disposition of given quantities of 
Electricity on coated jars. 

The jar E (Eig. 12) exposing about five square feet of coating, 
being connected with the unit u of measure, the number of charg(is 
was noted corresponding to an accumulation, the attractive force of 
which, operating between the two plane surfaces m m, was equivahmt to 
a force of 4*5 grains. When the quantity of Electricity accumulated 
was doubled, the' force amounted to exactly 18 grains ; three times the 
accumulation balanced a force of 40-5 grains, and so on. 

When a second and precisely similar jar was connected with the 
former, so as to double the extent of coating, similar quantities measured 
as before only exhibited one fourth of the previous force respectively. 
With three similar jars, that is, with three times the surface, the force was 
only one ninth part of the respective forces first observed. It would seem 
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therefore that the force exerted between two given substances is more 
or less dimifiished by the presence of a neutral or other body sharing in 
the attraction, though the physical cause of these effects is not very 
apparent. 

(62) The law accoirding to which* the force of electrical attraction 
varies i^en exerted between bodies at different distances is arrived at 
with this instrument without difficulty. The results are of the simplest 
kind, all the experiments made with it concurring to prove that^ the 
attractive forces vary as the squa/res of the respective distances inversely^ 
with great precision. The form of the conductors was found by Harris 
to have no influence on the results. Two hemispheres attract with 
precisely the same force as two spheres, and the attractive force between 
two unequal circular areas was no greater than between two similar areas 
each equal to the lesser. The attractive force exerted between a charged 
and a neutral sphere of equal diameter, Harris considers as being 
made up of a system of parallel forces operating in right lines between 
the homologous points of the opposed hemispheres. 

(63) For measuring directly the attractive force of an electrified body 
in terms of a known standard weight, estimated in degrees on a gradu- 
ated arc. Sir William Harris employed an instrument, which he calk 
tlie Hydrostatic Electrometer^ shown in its improved form in Fig. 13 
{Baherian Lecture^ Fhil, Trans, ^ 1839). The column M, carrying the 
graduated arc X 0 Y, and wheel work W, consists of two cylindrical brass 
tubes, 1 1, about an inch in diameter and 14 inches high, that on which 
the wheel work is placed moves freely wuthin the other, so as to be readily 
elevated or depressed, by means of a rack fixed in it and a pinion 
attached to the upper part of the outer tube at M. The object of this 
motion is to enable the experimenter to vary the distance between the 
attracting or repelling discs m,f without disturbing the lower disc^ or 
otherwise to adjust the same distance by changing the position of botli 
the discs, manipulations which greatly simplify many intricate cases of 
expeiyment. In order to estimate the distances when the position of 
the disc m is varied, a graduated sliding piece t, about three inches long, 
is placed upon the inner tube free from the rack work, and being 
moveable upon it with friction may be set with any required altitude of 
the whole column M to zero of its scale. In this way all subsequent 
changes of distance produced by elevating or depressing the interior 
tube t are easily known. 

Changes of distance attendant on the motion of the lower disc /are 
estimated by the graduated slide g, the fixed tube of which is attached 
to a foot-piece P moveable in a bevelled groove on the base B, the whole 
may be hence withdrawn for a certain distance if required, so as to place 
the disc/ without the influence of the upper disc 7 n. 



88 


STATICAL OE FEICTIONAL ELECTEICITY. 


Fig. 18. 



The disc m is suspended from the fine silver thread passing over tlie 
balanced wheel W by three threads of varriislicd silk, after the manner 
of a common scale pan, so as to insulate it if requisite ; it is connected 
with the ground in ordinary cases by a fine wire terminating in a small 
hook loosely hung from the silver thread to the surface of the disc //, h. 
The centre of the wheel W is accurately placed in the centre of the arc X, 
Y, which with its radii of support is made of varnished wood, the graduated 
scale being of card, wood, or ivory. The arc is the sixth part of a 
circle divided into 120 parts, GO in the direction 0 X, and 60 m the 
direction O Y, the centre O being marked zero. The extremities of the 
axis of the wheel W are turned to extremely fine points ; and rest on two 
large friction w^heels. The ind^x i is a light straw attached to tho 
extremity of a small steel needle, inserted diametrically through tho 
circumference, w'hich indicates on the graduated arc X Y, the force exerted 
between the conductors mf. The disc m is counterpoised by a short 
cylinder of wood suspended in a similar manner from the opposite side 
of the wheel by means of a silk thread, and resting partly in water 
contained in the glass vessel V, which is supported in a ring of brass 
moveable in a brass tube attached to a sliding rod g. This rod is acted 
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on by a nut and screw enclosed in a cylindrical piece fixed to the 
horizontal plate carrying the wheel work. Hence the water vessel may 
. be elevated or depressed at pleasure, and the index i readily adjusted to 
zero or any other required point on the arc. The gravity of the 
suspended disc m being- opposed by that of the counterpoise, it.may be 
so far cQusidered as existing in free space devoid of weight, and will 
therefore become very readily moved by every new force applied to it. 

It may consequently be caused to approach to, or recede from, the fiyed 
conductor/ by the operation of forces acting in either of these directions: 
tlic motion will however be speedily arrested by the cylindrical counter- 
poise, which, becoming either further immersed in, or otherwise raised in 
the water, furnishes, in the greater or less quantity of w^ater displaced, a 
measure of the force. In this way, the force may be estimated either in 
degrees, or in grains of actual weight (since the number of grains requi- 
site to be added to cither side, in order to advance the index in either 
direction a given number of divisions, may be immediately found by 
experiment), which, as the sections of the cylinder are all similar, w^ill be 
found to increase or decrease with the degrees of the arc. Thus if cfne 
grain advance the index in either direction five degrees, then two grains 
will advance it ten degrees, and so on. 

(G4) These arrangements enable us to operate wdth the instrument 
in the following way^ Let it, for example, be required to estimate the 
attractive force between the plates w,/ at any given distance D, suppose 
*6 of an inch. We first bring the discs into contact as nearly as may 
b(.’, ajid then set the graduated slider t at zero of its scale, by bringing 
it to coincide with the upper edge of the outer tube M. Then (having 
also set the slider supj)ortiug the insulated disc f at zero) we either raise 
tin; tube t, *0 of an incli, or depress the slide g, bv the same quantity, or 
otherwise raise the up 2 )er and depress the lower disc by quantities 
making together *0 of an inch. In cither case the discs will finally bo 
*0 of an inch apart, measured between the opposed surfaces previously 
in contact. UndiT these conditions let either plate be taken, insulated, 
and charged, whilst the other is neutral and free. Suppose the lower 
disc f to be charged with a given quantity, and the suspended disc m 
free, then the attractive force which ensues will cause the index to 
advance in the direction O Y, a given number of degrees ; consequently^ 
the distance between the plates m f will be diminished. Let the index 
be now brought again to zero, by turning the milled head of the screw 
e so as to depress the water vessqj V, then the force whatever it may be 
ig acting between the plates at *6 of Un inch. To discover the amount of 
this in degrees, discharge effectually the air and opposed plates mf, by 
touching them simultaneously with a bent wire, the force then vanishes 
and the index declines in the direction 0 X. The amount of this 
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declination is evidently the force iii degrees at a given distance D, 
=•6 of an inch. 

Experiments with this instrument are remarkably clear considering 
the subtile character of the principle to be investigated ; though it is 
not available for the measurement of such minute forces as those 
applicable to the balance of Coulomb ; its indications depending on the 
force between two opposed planes operating on each other under given 
conditions, are reducdble to simple laws, and are hence invariable 
and certain. .The attractive force between the discs is not subject to 
any oblique actiofi, itf referable to any given distance, and may bo 
estimated in terms of a known standard weight. 

(65) Sir W. Harris’s experiments on electrical attraction made with 
his instruments led him to tlie following results. 

1®. That the forces between two spheres will be inversely as the 
distances between their nearest points multiplied into the distances 
between their centres. 

2^\ That two spheres at the distances of 2*2, 2*5, 2*8, and 3*0 inches, 
exert the same force as two circular plates at the distances of 0*661, 
1*117, 1*496, and 1*732 inches respectively. 

3^. That the attractive force of two opposed conductors is not 
influenced by the form or disposition of the unopposed portions. 
The attractive force, for example, is the same whether the opposed bodies 
are merely circular planes, or planes backed by hemispher(‘s or cones. 
Two hemispheres also attract eacli other with the same force as the 
splieres of which they are hemispheres. 

4P. The force between two oi^poscd bodies is directly as the number of 
attracting points, the distance being the same. Thus two circular planes 
of unequal diameter do not attract each other with a greater force than 
that of two similar ardas, each equal to the lesser. In like manner the 
attractive force between a ring and a circular area of the same diameter 
is equal to that exerted between two similar rings each equal to the former. 

5°. The attractive force between a spherical segment and an opposed 
plane of the same curvature, is equal to that of two similar segments 
on each other. 

(66) Eor the measurement of small forces of repulsion, Harris 
employed a new arrangement of the balance of torsion (Fhil. Trans,, 
] 836), which, from the peculiar mechanical principle on w^hich it depends 
he calls ^^the Bifilar: Balance''^ The reactive force in this instrument 
is not derived from any principle of elasticity as in Coulomb’s, but is 
altogether dependent on gravity. It is obtjiined by means of a lever at 
the extremity of two parallel and vertical threads of unspun sillt, 
suspended within a quarter of an inch of each other from a fixed point. 
The threads are stretched more or less by a small weight, and the 
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repulsive force is caused to operatb Tnuch in the same way as in 
Coulomb’s balance of torsion. As the threads tend to turn as it were 
upon each other, the stretching weight becomes raised by a small 
quantity, and thus gravity is brought to react against the repulsive force 
in operation. The delicacy of this balance is extremely great, and will 
render sensible a force of the ToWuth. part of a grain. 

((>7) Harris’s experiments on the relation of the repulsive force to 
the quantity of Electricity led him to the following results : — The discs 
being charged equally and to a given intensity, the forces, vary in an 
inverse ratio of the squares of the respective distances^ when however 
the quantity on one of the discs is diminished, that is, when they are 
charged unequally, this law is only apparent up to a certain limit ; 
sometimes at certain distances, the law is in an inverse ratio of the 
8iin])le distance, or nearly approaching to it ; while within certain limits, 
and at other distances, the law of the force becomes irregular, until at 
last the repulsion vanishes altogether and is superseded by attraction, 
being apparently disturbed by some foreign influence. 

The quantities of Electricity contained in either of the repelling 
bodies are not always proportional to the repulsive forces, a resxdt which, 
though apparently anomalous and unsatisfactory, Sir William believes 
to be in accordance with* the general laws of electrical action : the force 
of induction (72) for example, not being confined to a charged and 
neutral body, but operating more or less freely between bodies similarly 
charged, it is evident that the inductive process between bodies similarly 
charged may become indefinitely modified by the various circumstances 
of quantity, intensity, distance, <fcc., giving rise to apparently com- 
plicated phenomena, 

(08) Harris proved that a spherical conductor, cither hollow or solid, 
and a jdaie of equal area, have the same electrical capacity, a conclusion 
not opposed to the experiments of Coulomb. This philosopher found 
that the balls of his balance (56) were repelled with only half the force 
at a given distance, when the quantity of Electricity in one of them 
was reduced to one half, and he further concludes that the whole 
repulsive force expressed by jJV diminishes for the same distance D 
as the absolute quantity of Electricity jn each of the repelling bodies 
considered as points. This principle he applies extensively, with the 
view of detecting the ratios of the quantities of Electricity ‘accumulated 
in charged bodies, or in any given point of them. The Electricity of 
the given point he considers as transferable to a small insulated isc, 
first applied to the body and subsequently placed in his balance, the 
ball of the, needle being already charged with a certain quantity of the 
same Electricity. The insulated disc is called n proof plane ; when 
this plane is placed upon any part of a charged body it is supposed 
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to be identical with an element *of the surface, so far as relates to the 
distribution of the accumulated Electricity, and hence, on removing 
it to the balance, it is assumed to operate just as the element would 
do under similar circumstances. Harris, however, considers it doubtful 
whether any indefinitely thin carrier plate can be altogether considered 
as an element of the surface of an electrified body to which it is applied. 

. He has shown, moreover, that the respective quantities of Electricity 
are not always as the repulsive forces, and if so, the indications of 
Coulomb’s instrument may not in all cases be directly proportionate 
to the quantity V)f Electricity in the proof plane. 

(69) According to Coulomb, the relative electrical capacities of a 
solid or hollow^ sphere and a circular plate of equal area, arc as two to 
one; that when Electricity is accumulated on a globe, cither hollow 
or solid, it is only found upon the exterior surface, hence, in ex- 
panding the globe into a plane circular area of the same superficial 
extent, each side to each side, wc double its capacity by giving it 
another exterior surface ; twice the quantity of Electricity may, thei'c- 
fore, now be placed on it under the same intensity. Now, if this view 
be correct, by substituting, for the circular plate, a second sphere, whose 
exterior surface is equal to the two surfaces of the plate, the result 
w^ould be the same as before. Harris found, however, that the ('lectrical 
re-actions after the respective contacts with the plate and sphere, the 
areas of which were equal, instead of being as two is to one, according 
to Coulomb’s theory, are nearly the same, and ho hence concludes tluit 
the result arrived at by Coulomb’s method of expcadinent ina}' be 
classed Avith those* cases in which the repulsive force exercised by the 
balance is not proportionate to the quantity of Electricity, and he 
gives further experiments which verify the results at which he fonnerly 
arrived, viz., — ‘‘ That the ca})aeity of a sphere is the same as lliat of 
a circular plane of equal area, into which W'C may suppose it to be 
expanded;” and, ‘‘that a spherical conductor, either hollow or solid, 
and a plate of equal area, liave the same electrical ca[)acity,” a con- 
clusion not opposed to Coulomb’s own experiments. Lastly, from an 
experimental examiiiatiou of the indications of the proof jdaiie, 8ir 
William has ^come to the conclusion that the quantity of Electricity 
taken from the surface of a charged body by a small insulated disc of 
considerable* thickness, may be greatly influenced by the position of 
the point of application, independently of tlie quantity of Electricity ; 
so that the same quantity may possibly exist in two different points 
and yet the proof plane become charged in a diffia-erit ratio, the 
inductive power of the platen being diflerent in these points. 
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CIIAPTEE III. 

Induction —Distribution — Condensers and Multiplier. 


(70) Induction . — Amongst the earliest manifestations of the pheno- 
mena of Electricity, effects were rendered apparent which proved that 
contact between two bodies was not absolutely requisite to cause them 
to assume the electrical state ; but, on the contrary, it was found that 
the force or agency operates at a distance, producing distinct mechanical 
effects. Tims an electrified body, or an excited rod of glass, or sealing- 
wax, when brought near to bits of paper, feathers, or other light 
substances, causes them to move towards it, and if presentc'd to a 
small sus])cnded uuelectrificd ball, it draws it aside from the vertical 
position. 

Supposing a pith-ball to be insulated by a filament of silk and 
electrified, wo know by experience that if another similar but uuelec- 
trilied pith -ball be brought near, an attractive force will be exhibited ; 
but if it be true that there exists no attraction between the Electricity 
diffused on the pith-ball and the matter of the pith, how can it be 
imagined tliat there sliould exist any attraction between it and the 
other pith-ball ? But yet the attractive efibets are certain; how, then, 
are they to be explained ? 

(71) Let us first examine the condition of fixed bodies: — Let d a c, 


Eig. II, be a conducting body, suCh as 
a cylinder of brass, supported on a glass 
stand, and furnished with a pith-ball 
Electroscope, and let e be an excited 
glass tube. On approaching this tube 
within about six inches distant from </,’ 
the pitli-baUs will instantly separate, 
indicating the presence of free Elec- 
tricity. !Now, in this case the electric 
e has not been brought sufficiently near 
to tlie conducting body to communicate 


Fig. 14. 



to it a portion of Electricity, and the moment that it is removed to 


a considerable distance the balls fall together, and appear unelectrified ; 
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on approacting e io d tlio balls again diverge, and so on. The fact 
is, this is a case of what is termed induction^ the positive Electricity of 
e decomposes the neutral and latent combination in d a c, attracting 
the negative towards d, and repelling the positive towards e, and the 
ball^ consequently diverge, being positively electrified. On removing 
€ the force which separated the two Electricities in c is removed, 
the separated elements re-unite, neutrality is restored, and the pith- 
balls fall together. The Electricity of e induces a change in the 
electric state of d c. 


In Eig. 15, suppose s s' to be 
two metallic insulated spheres, 
and a a an insulated metallic 
conductor ; suppose s to be 
strongly charged with positive, 
and s' with negative Electricity, 
and placed in the position re- 
presented in the figure. If a a 
be examined by means of an 
Electrometer, it will be found 
that the only part which is free from Electricity is the centre o, that 
half of the conductor extending from o to a is electrified negatively, 
and that half extending from o to a is electrified positively. The 
intensities of the opposite electricities at the extremities will be found 
to be equal, and at any points equally distant from the centre, as 
the depths of the electric fluid will be equal, and the electric state of 
each half may be correctly represented by the ordinates p m, p' on of 
two branches of a curve which are precisely similar and equal. 

In Fig. 16, suppose A A’ to be a conductor, 
and the curves of the circles II E-’ those branches 
the ordinates of which represent the densities of 
the Electricity induced upon it by the spheres 
8 s' (Fig. 15) ; by gradually removing these in an 
equal manner, the curves w ill become less and 
less concave, and the ordinates correctly re- 
present the diminished density. But if the 
spheres be made to approach the conductor, 
the accumulation of Electricity towardfib the ex- 
tremities will be increased, and the curve representing the electrical 
densities will take the form shown in the lower figure. 

These results strongly favour the idea of the existence of two electric 
fluids, uniformly distributed in equal proportions over a body in its 
natural state, and the conductor comports itself exactly as it theoretically 
should do when charged with equal quantities of the contrary electricities. 


Fig. 1C. 



Fig. 15. 
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(72) We have seen that a rod of excited glass, when approached 
to one extremity of an insulated conductor, causes the pith-halls, 
suspended from the other end, to diverge. Now, on examining the 
conductor, it is found that the end nearest the positively excited 
electric has become negative, and the opposite end positive, while an 
intermediate zone is neutral and unelectrified. An examination of 
the electrical condition of a conductor while under the mfiuence of 
induction, may be made in ah easy and satisfactory manner by the 
apparatus shown in Pig. 17. 

Fig. 17. 



Let A be a cylindrical conductor five or six inches long and about 
three inches in diameter, and let h and c be tw’o thin metallic discs, 
each insulated and of such a size as to fit accurately the ends of the 
conductor, so that, wdien in their places, the whole system may 
represent one conducting surface. Now, having given a metallic 
ball a charge of positive Electricit}^ suspend it by a silk thread, 
at a distance of about two inches from the cylinder. Next remove 
the disc, h, by its insulating handle, and test its electrical condition, 
it will be found to be negative; then remove and examine c, it will bo 


Fig. 18. 



found to bo positive. Again, let two metallic cylinders, h c, d e, Fig. 
18, ^be placed within an inch or more of each other in a right line; 
h ^ must be insulated, but the end e d e may be ^connected with 
the earth by a wire ; let feathers or light pith-balls be suspended by 
linen threads from h c and d; on now bringing an excited glass tube, 
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a, within three or four inches of h the feather or hall hanging from 
1) will be attracted, at the same time those suspended from c and d^will 
rush together. 

Let P N, Fig. 19, be two hemispheres of wood, covered with tin-foil, 
Fig. 19. mounted on rods of varnished glass, and standing on 
wooden feet, so that thej may be placed in contact 
] J N with each other, as sho^m in Fig. 19 ; while thus in 
\IJ contact approach them with an excited glass rod, and 
then remove it, the hemispheres will not be found to 
* h&ve acquired any electrical charge. Now vary the 
experiment by separating the two hemispheres ; while 
under the induence of the excited electric, and on 
examining them by the Electroscope, Fig. 8, each 
will be found electrified, that^carest the glass rod 
with negative, and the other with positive Electricity. 
It is scarcely necessary to say that in the separation 
jof the hemispheres from each other, care must be taken to preserve 
their insulated condition. 


(73) Ey the following striking experiment the operation of the 
electric force at a distance may be made manifi'st in a large room. 
Arrange a long insulated cylindrical conductor, with one extremity 
about a quarter of an inch from a jet from which a gentle stream of 
gas is escaping, approach suddenly towards the other end a well-excTted 
glass tube, the gas will seldom fail to become inflamed; whilst the 
excited tube is still in the immediate vicinity of the conductor extin- 
guish the flame, then suddenly withdraw the tube, and the gas will 
generally be rc-inflaraed. 

(71) From these experiments it appears that the electrical disturb- 
ance of a neutral body by the proximity of an electrified body is only 
of a temporary nature, all signs of excitement disappear immediately 
the charged body is removed. Let us, however, introduce a little 
variation into the conditions of the experimen* Whilst the conductor, 
Fig. 14, is under fhe influence of the excited glass, let it be touched 
with the finger, the pith-balls will instantly collapse, because the positive 
Electricity with which they were divergent has acquired through the 
finger, from the earth, a corresponding supply of -negative El(?ctricity ; 
the natural negative Electricity, however, of the conductor is still 
retained at the opposite extremity by the attractive influence of the 
glass. On now removing, first the finger, and then the glass tube, the 
pith-balls will again open, and will remain divergent^ because the natural 
negative Electricity of the conductor being relieved from the inducing 
influence of the glass tube, will now become expanded over the whole 
conductor — the pith-balls are now diverging with negative Electricity. 
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(75) It is preciseljPin this way that we communicate a permanent 
charge to the gold leaf Electroscope. 

If a positive charge is required, an excited stick of w^ax is ap- 
proached to the cap of the instrument, which is then touched with 
the finger; again insulated, and the wax immediately removed. To 
communicate a negative charge, an excited tube of glass is substituted 
for the wax, and the manipulations arc the same as before. The 
instrument with Singer’s improvement, Eig. 8, will, w’hen dry and warm, 
retain a charge thus given to it for several . hours, but certain pre- 
cautions necessary to be observed in interpreting Wts hidications are 
thus described by Faraday {Chem. Manip., p. 437) : — “ Suppose it is 
desired to ascertifin the kind of Electricity by which the leaves of the 
Electroscope are diverged, we may employ either a stick of excited wax or 
a tube of excited glass ; the divergence will increase if due to Electricity 
of the same kind as that of the electric approached, but will diminish 
if of the opposite kind ; but in applying these excited rods some pre- 
caution is required. They must be excited at such a distance from the 
instrument as to have no influence over it, and their effect on the leaves 
watched as they are gradually approached towards the cap. It is the 
Jirst effect that indicat(‘s the kind of Electricity in the instrument, and 
not any stronger one, for, although if the repulsion be increased from 
the first no nearer approach will cause a collapse to take place, except 
the actual discharge of the leaves against the sides of the glass; yet 
where collapse is the first effect it may soon be completed, and repulsion 
afterwards occasioned from a too near approach of the strongly excited 
tube. It is, therefore, the first visible effect that occurs as the test rod 
is made to approach from a distance, that indicates the nature of the 
Electricity ; and when this effect is observed, the rod should not be 
brought nearer, so as permanently to disturb the state of the Electro- 
scope, but should bc‘ removed to a distance, and again approached for 
the purpose of repeating and verifying the preceding observation. The 
instrument will thus imdfcrgo no permanent change in its Electricity, 
remaining, after a good experiment, in the same state as at first.” 

(70) A very instructive and useful instrument, depending on inductive 
action, is the Elcctrophorus, Fig. 20. It consists of three parts — a cake 
of resinous matter, composed of shell-lac, ten parts ; common resin, three 
parts ; white wax, two parts ; Venice turpentine, two parts ; pitch, half 
a part ; or, as Pfaff recommends, resin, eight parts ; gum lac, one part ; 
Venice turpentin^ one part ; the materials are melted at a -gentle heat ; 
a conducting plate or sole, which is a circular metallic plate with a rim 
abouf a quarter of an inch deep round the edge, injo which the compo- 
sition is poured, and a cover which is of metal, provided with a glass 
handle. 
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Fig. 20. 



To use it, the resinous plate is excited by holding it in the hand in a 
slanting direction, and striking it briskly several times with a piece of 
dry warm fur or flannel, or with a warm silk handkerchief ; the cover is 
then laid on, and on removing it by its insulating handle, it is found to 
have acquired a feeble charge of negatwe Electricity by the contact. 
Let the metallic plate be re-placed, and uninmlated by touching it with 
the finger, and on again lifting it by its handle, it will be found to give 
a strong spark of positive Electricity. The process may be repeated an 
unlimited number of times without any fresh excitation of the plate 
being required, and indeed after being once excited, a spark may be 
obtained from it during many weeks, if kept in a dry place, since the 
resin acts solely by its inductive influence on the combined Electricities 
actually present in the plate. 

(77) It will not be difficult at once to comprehend this. When the 
metallic plate is placed on the excited resin, its contact with it is, 
on account of the inequalities on the surface of the latter, very 
imperfect. It»is therefore in a condition analogous to that of a con- 
ductor, under the influence of an electrified surface, its lower surface 
becoming positive^ and its upper surface negative^ by induction. When 
it is removed from the resin the separated Electricities re-unite ; but 
when the plate is uninsulated, while in contact with the resin, the 
repelled negative Electricity is neutralised by a corresponding quantity 
of positive Electricity from the earth, and the plate becomes positively 
charged. It is thus clear that the Electricity of the ^loveable plate is 
derived not in the way of charge from the resin, but is the result of the 
process of induction. • 

The figure represents Mr. John Phillips’s modification of the Electro- 
phorus, the object of which is to avoid the trouble and tediousness of 
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establishing a communication between the insulated cover and the earth, 
by means of the finger, when electrical accumulation, or sparks in rapid 
succession, is the object. Three methods are proposed : the first consists 
in raising from the metallic basis above the edge of the resin, a brass 
ball and wire, to which the edge of the cover, or a brass ball upon it, 
may be applied ; this method is stated to act very well, especially with 
small covers, which can with ease and certainty be directed to any 
particular point of the sole. The second is to fix a narrow slip of 
tin-foil h, quite across the surface of the resinous plate, and unite it at 
each end with the metallic basis. This construction* answers perfectly 
and instantaneously, and is very convenient wdth large circles, the covers 
of which, though uneven, will then be sure to touch some conducting 
point. The third method is to perforate the resinous plate qiiite through 
to the metallic basis, at tbe centre, and any other points, and at all those 
points to insert brass w ires, c, c, c, with their tops level with the resin. 
Tbe latter of tliese methods is preferred, and Mr. Phillips describes an 
instrument constructed on this principle, with a cast-iron basis 20*5 
inches in diameter, resinous surface 19*7.5 indies, and cover 16*25 inches, 
wjiich yields loud and flashing sparks two inches long, and speedily 
charges considerable jars. The cover can be easily charged from fifty to 
one hundred times in a minute by merely setting it dow’n and lifting it 
up, as fast as the operator chooses, or as the hand can. work. In 
charging a jar or plate, one knob of the connecting rod is placed near 
the iusulatc'd surface of the jar, and the other some inches above the 
cover, w hich is alternately lit'ted up and set dow’n, and the jar is thus 
very (piickly charged. 

A very useful modification of the Elcctrophorus of Volta is made by 
coating a thin pane of glass on one side with tin-foil to within about 
two inches of the edge, placing it with the coated side on tbe table ; 
the other sidci is to be excited by friction by a piece of silk covered 
with amalgam, then carefully lifting the glass by one comer, place it on 
a ba%l)r conducting surface, as a smooth table, or the cover of a book, 
with the uncoaled aide doimmards. Touch the tin-foil with the finger, 
then carefully elevate the plate with one corner, and a vivid spark will 
dart from the coating to any conducting, body near it : re-place the plate, 
touch it, again elevate it, and a second spark will be produced. By this 
means an electric Leyden jar may speedily be charged. This modifi- 
cation of the Elcctrophorus, or Electrolasmus, as it is called by its 
inventor, Dr. Golding Bird, is a very useful, instrument in the chemical 
laboratory. 

(78) It was by an apparatus constructed on the principles of 
tbe Electrophorus that Earaday succeeded in demonstrating that 
induction is essentially a physical action^ occurring^ between contiguous 
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jyarticleB^ never taking place at a distance without polarizing the mole- 
cules of the intervening dielectric, 

When an excited glass tube is brought near an insulated conductor 
in which the electric equilibrium is shown to be disturbed by the 
divergence of pith-balls, we are not to suppose that the disturbance 
is occasioned by an action at a distance: for it has Ijeen shown by 
Earaday that fhe intervening dielectric air has its particles arranged 
in. a manner analogous to those of the conductor, by the inducing 
influence of tlie glass tube. The theory of induction depending upon 
an action between contiguous molecules, is supported by tlui fact which 
would otherwise be totally inexplicable, that a slender rod of glass or 
resin, when excited by iriction and placed in contact with an insulated 
sphere of metal, is capable of decomposing the Electricity of the latter 
by induction most completely, even at the point of the ball equi-distant 
from the rod, and consequently, incapable of being connected with it 
in a right line : so that it must either be concluded that induction is 
exerted in curved lines, or propagated through the intervention of . 
contiguous particles. Now as no radiant simple force can act in curved 
lines, except under the coercing influeirce of a second force, we are 
.almost compelled to adopt the view of induction acting through the 
medium of contiguous particles. 

The apparatus employed by Faraday is shown in Figs.' 21 and 22. 
It consists of a shell-lac Electrophorus, on the top of which is placed 
a brass ball ; the charge on the surface of which is examined by the 

Fig. 21. carrier ball of Coulomb’s Electrometer (5G). It was always 
(D found to be positive. When contact was made at the under 
part of the ball, as at (ft) Fig. 21, the measured degree of 
force was 512^^; when in a line with its equator, as at (c), 
270^’; and when at the top of the ball, as at {h), i;30'\ Now, 
the two first charges are of such a nature as might be ex- 
pected from an inductive action in straight lines ; big; the 
last is clearly an action of induction in a curved line, for 
during no part of the process could the carrier ball be con- 
nected in a straight line with any part of the inducing shell- 
lac. Indeed, when the carrier baU w'as placed by Faraday 
not in contact with the inducteous body at all, as at (e), it 
was found to be charged to a higher degree than when it 
had been in contact ; and at {a) it was aftected in the highest 
degree, having a result above 1000”. 

Wlien a disc or hemisphere of metal was employed, as in 
Fig. 22, no charge could be given to the carrier when placed on its 
centre ; but when placed considerably above the same spot, a charge 
was obtained, and this even when a thin film of gold leaf\s^^^ employed ; 
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at (^) the force was 112®, at (7c) 108°, at (Z) 65°, at (m) 

35° ; the inductive force gradually diminishing to this point. 

But on raising the carrier to (n), the charge increased to 
87°; and on raising it still higher, to (o), it still further 
increased to 105°. j\t a higher point still (p), the charge 
decreased to 98°, and continued to diminish for more 
elewated positions. 

(79) On reflecting upon these beautiful experimental re- 
sults, it seems impossible to resist the conclusion that induction 
is not through the nuital, but through the air, in curved 
lines, and that it is an action of the contiguous particles 
of the insulating body thrown into a state of polarity and 
tension, and capable of communicating their forces in all 
directions. 

We must, ill conse([uenc 0 of these decisive experiments, 
therefore, tak(‘ a new view of the electric force, and instead of considering 
the electric fluid to be coniined to the surfaces of the bodies by the 
mechanical pressure of the non-conducting air, which was the opinion 
previously entertained, we must consider the force originating or 
appearing at a certain place to be propagated to, and sustained at, a* 
distani*e, through the intervention of the contiguous particles of the 
air, each of which becomes j^olarked, as in the case of* insulating 
conducting masses, and appears in the inducteous body as a force of 
the same kind, exactly equal in amount, but opposite in its direction 
and tendencies. Thus, suppose P, Pig. 23, to be a positively charged 

Fig. 23. 
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body, and N P a previously neutral body at a distance, the action at 
P is transferred to N P, through the medium of intervening molecules, 
each of which becomes electro-polar, or disposed in an alternate series 
of positive and negative poles, as indicated by the series of black and 
wdiite hemispheres. 

Again, let three insulated metallic spheres, A, B, C, be placed in a line, 

Fig. 24. 

P N 

• 30 

A B C 

and not in contact; let A he electrified positively, and then C uninsulated ; 
under these circumstances B will acquire the negative state at the surface 

£ 2 
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towards A, and the positive state at the surface furthest from it, and C 
will be charged negatively. The ball B will be in what is called a polar- 
ized condition, i. e., its opposite parts will exhibit the opposite electrical 
states, and the two sums of these opposite states will be exactly equal 
to each other. A and C will not be in this polarized state, for they will 
be, as it is said, charged, the one positively and the other negatively. 

(80) The mechanism of inductive action, and the practical demonstra- 
fion of the fact, that it is from molecule to molecule of any substance, 
gaseous or solid, ^that the decomposition of the natural Electricities 
alone can take place, may be beautifully shown by plunging in a vessel 
of oil of turpentine (which is an excellent fluid insulator), two brass 
balls, of which one is in connexion wdth an electrical machine and the 
other wnth the ground. On turning the machine, the latter becomes 
excited by induction. If now a number of short shreds of sewing silk 
be mixed with the oil of turpentine, the mechanism of the inductive 
action is shown by the little bits of silk attaching themselves mutually 
by their extremities, by which they transmit the Electricity of the 
machine, by a series of decompositions, to the ball which is connected 
with the ground. If the excitation be very violent, the attractions and 
• repulsions become too strong to be regularly transmitted, and this 
induction is accompanied by a powerful current of the particles of the 
oil from the first ball to the second. The particles immediately in 
contact wdth the directly excited ball acquire its state, and being 
repelled, immediately pass off to that which has obtained by induction 
the opposite condition, and those become neutralized. Now what here 
occurs with the oil of turpentine takes phice in ordinary induction 
with the air ; every molecule of it interposed between the solid bodies 
becomes itself subjected to the inductive action, and forms a chain 
of alternate positive and negative poles, by which the elfect may be 
transmitted to any distance. If the excitation bo very great, the 
neutralization may occur with violence and rapidity, and generate 
currents as in the oil of turpentine. It is these currents which, 
being produced by the repulsion of the particles of air from excited 
points, are rendered sensible in the effect termed the electrical aura^ 
and are shown by the experiment of revolving flies. 

(81) The following experiments have been also adduced by Faraday 
{London and Ldinhurgh Phil. Mag,, 1843, vol. xxii.), as giving a very 
precise and decided idea to the mind respecting certain jminciples of 
inductive electrical action, and as the expression and proof of certain 
parts of his view. 

Let A, Fig. 25, represent an insulated pewter ice-pail, ten and a half 
inches high and seven inches in diameter, connected by a wire with a de- 
licate gold leaf Electroscope, E, and let C be a round brass ball, insulated 
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by a long dry thread of white silk ; let this ball be charged positively, and 
introduced into A, as shown in the figure ; Fig. 25. 

the Electroscope, E, will immediately di- 
verge also with positive Electricity; on 
removing C the leaves of the Electroscope 
will collapse. As C enters A the diverg- 
ence of E will increase, until C is about 
three inches below the edge of the vessel, 
and will remain quite steady and un- 
changed for any greater depression. This 
shows that at that distance the inductive 
action of C is entirely exerted upon the 
interior of A, and not in -any degree 
directly upon external objects. If C be 
made to touch the bottom of A, all its charge is communicated to A. 
There is no longer any inductive action between C and A, and C, 
upon being withdrawn and examined, is found perfectly discharged. 
If C be merely suspended in A it acts upon it by induction, evolving 
Electricity of its own kind on the outside of A ; but if C touch A 
its Electricity is tlien communicated to it, and the Electricity that is . 
afterwards upon the outside of A may be considered as that which 
was originally upon the ball C : as this change, however, produces no 
efiect upon the leaves of the Electroscope, it proves that the Electricity 
in C and that induced by C are accurately equal in amount and power. 
Again, four ice-pails, each insulated by standing on a plate of lac, may 
be placed one within the other, as shown in Fig. 26. With this system 
the ball, C, acts precisely as with a single vessel, so that the interven- 
tion of many conducting plates causes 26. 

no ditference in the amount of inductive 
efiect. If C touch the inside of 4 the 
leavcfs are still unchanged. If 4 be re- 
moved by a silk thread, the leaves per- 
fectly collapse ; if it be introduced again, 
they open out to the same extent as before. 

If 4 and 3 be connected by a wire, let 
down between them by a silk thread, the 
leaves remain the same, and so they still 
remain if 3 and 2 be connected by a 
similar wire ; yet all the Electricity ori- 
gijially on the carrier, and acting at a con- 
siderable distance, is now on the outside of 2, and acting through only 
a small non-conducting space. If at last it be connected with the 
outside of 1, still the leaves remain unchanged. K in the place of the 
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metallic vessels a thick vessel of shell-lac or sulphur be introduced, not 
the slightest change in the divergence of the leaves of the Electroscope 
is produced. “ Hence,’* says Faraday, “ if a body be charged, whether 
it be a particle or a mass, there is nothing about its action which can 
at all .consist with the idea of exaltation or extinction : the amount 
of force is perfectly definite and unchangeable; or to those who in 
their minds represent the idea of the electric force by a fluid, there 
ought to be no notion of the compression or condensation of the fluid 
within itself, -or of its coorcibility, as some understand that phrase. 
The only mode oV aflecting this force is by connecting it witli force 
of the same kind, either in the same or the contrary direction. If we 
oppose to it force of the contrary kind, we may, hy discliary(% neutralize 
the original force, or we may, without discharge^ connect them by the 
simple laws and principles of static induction ; but away from induction, 
which is always of the same hind, there is no other state of the power 
in a charged body, that is, there is no state of static electric force 
corresponding to the terms of simulated, or disguised, or latent Elec- 
tricity, away from the ordinary principles of induciive action : nor is 
there any case where the Electricity is more latent or more disguised 
than when it exists upon the charged conductor of an electrical machine, 
and is ready to give a powerful spark to any body brought near it.” 

(82) Thus there is hardly any electric phejiomcnon in which in- 
ductive action does not come into play. When light substances are 
attracted by excited glass or wax, it is in consequence of the disturbance 
of their natural electrical states: in the one case, the positive fluid 
being repelled and the negative attracted, and in the other, the negative 
fluid being repelled and the positive attracted. Tlic following experi- 
ment .illustrates this development of Electricity by induction in an. 
interesting manner. Support a pane of dry and warm wdiidow glass, 
about an inch from the table, by means of blocks of wood or two 
books, and place beneath it several pieces of paper or pith-balls. 
Excite the upper surface by friction with a silk handkerchief, the 
Electricity of the glass becomes decomposed, its negative fluid adhering 
to the silk, and its positive to the upper surface of the glass ])late. 
This, by induction, acts upon the lower surface of the glass, repelling 
its positive Electricity, and attracting its negative. The lower surface 
of the glass thus becoming virtually electrified by induction through 
its substance, attracts and repels alternately the light bodies placed 
beneath it, in a similar manner with the excited tube. The state of a 
body when under the influence of a distant electric is called induced 
Hlectricify. The originally active body is called the inductric, and 
that under its influence the inducteous ; thus, in the last figure, A 
is the inductric and C the inducteom body, the electrical state of the 
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latter being sustained tbrougb tbfe intervention of the intermediate 
and polarized ball, B. “ All charge,” says Earaday (Ux. Research., 
series xi., p. 1178), “is sustained by induction. All phenomena of 
intensity include the principle of induction. All excitation is dependent 
on, or directly related to, induction. Indtjcttoi^ appears to be the 
essential function, both in the first development and the consequent 
phenomena of Electricity.” 

(83) But Earaday’s theory of induction does not rely on the pola- 
rization of matter in the ordinary acceptation of that term. It contem- 
plates something much more refined, dealing rather \^th the powers or 
forces which in the generally received view of the atomio constitution 
of matter are associated wdtli the material atom, giving to it its charac- 
teristic. effects and properties. Indeed he sees a difficulty in reconciling 
that view of the nature of matter, according to which it consists of little 
impenetrable nuclei of solidity with superadded powers, wdth certain 
facts connected wdth electrical conduction. According to this view^ the 
particles of matter do not actually touch each other, the only thing in a 
mass of gross matter wdiich is continuous being space, and this must be 
considered as permeating it in every direction, like a net. Thus, taking 
the cases of a conductor of Electricity, a metal for instance, and a 
non-conductor of Electricity, as a piece of shell-lac, we are compelled’ 
to admit that space is both a conductor and an insulator, a conclusion 
which Earaday thinks must falsify the ground of reasoning which tends 
to it, and he perceives great contradictions in the general conclusions 
which flow from the view that matter is composed of atoms more or less 
apart from each other, wdth intervening spaces. He is disposed rather 
to adopt ’the theory of Boscovich, ac(*ording to w’hich atoms are mere 
centres of forces or powders, not ])artieles of matter in which the powers 
themselves reside ; and if we take such atoms to be indefinitely small, 
then the particle of matter away from the powers becomes a mere 
matlnmiatical point, may vanish altogether, and the powers or forces 
constitute the substance ; and these powers or forces may be conceived 
to pervade all spjtce, and to penetrate everything we call matter. It 
may be difficult at first to think of the powers of matter, independent of 
a separate something to be called the matter ; but it is more difficult, 
and indeed impossible, to think of or lo imagine that matter is inde- 
pendent of the powers ; the powxrs we know and recognise in every 
phenomenon of the creation, the abstract matter in none. Earaday’s 
theory of induction is therefore limited to mere powers or forces, and 
particlcfc? of common matter taken as centres of force are more or less 
conducting. A particle in its quiescent state is not polar as repre- 
sented in B, Eig. 24, but under the influence of other charged particles 
it becomes so ; it is then in a forced or constrained condition. When 
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this forced or polar condition is readily assumed it is readily destroyed, 
and conduction is the result ; when the contig^uous particles communicate 
their forces less readily more or less perfect, is the consequence; 
and the action of a charged body on insulating matter is induction. * 
(84) JDistribution of Electricity . — When a body receives a charge of 
Electricity the charge does not, as in the case of heat, diffuse itself 
throughout the whole of its substance, but is confined entirely to its 
surface ; from this it follows that a ball formed of any material will be 
equally electrified whether it be solid or hollow, and, if it be hollow, the 
amount of Electricity will be the same, whether the shell of matter of 
which it is formed be thick or thin. 

To demonstrate practically the distribution of Electricity on the 
surface of a conductor, the following apparatus was contrived by Biot. 

A sphere of conducting matter 
a, is insulated by a silk thread, 
and two thin hollow covers h 
c bj made of gilt paper or tin, 
thin paper or copper, are pro- 
vided with glass handles c c, 
and correspond with the shape 
and magnitude of the conductor. The sphere a is electrified, and the 
covers arc then applied, being held by the glass handles. After with- 
drawing them from a, they are found to be charged with the same kind 
of Electricity as was communicated to a, w'hich will be found to have 
lost the whole of its charye, proving that it resided on the surface only. 

This experiment will not succeed unless the (covers be withdrawn 
rapidly and simultaneously, otherwise the charge will, during the 
removal of the onvelo])Cs, expand over a, and thus vitiate the result. 
The original experiment of Cavendish is far less precarious. The 
insulated globe was so much smaller than the hemispherical envelopes as 
to leave a space of about half an inch betw^een them ; a temporary con- 
ducting communication was established between the inner and outer 
spheres, by means of a short brass wire attached to an insulating silk 
thread, by which the wire could be easily removed. An electrical 
charge was communicated to the outer globe, in which case it is evident 
that if any part of the charge had a tendency to pervade the system as 
a mass, it could freely do so by means of the conducting wire ; but on 
examination it was found that on removing the hemispheres by their 
insulating supports the inner globe did not exhibit any signs of Elec- 
tricity, fully proving the tendency of Electricity to the surface. Again, 
the envelopes of the globe being removed, the latter may be charged 
with either positive or negative Electricity, and the covers being 
re-placed, a temporary communication may be established between the 
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inner and outer spheres, by means of h wire attached to a rod of unvar- 
nished glass ; on now removing the wire, and drawing back the hemi- 
spheres, the whole of the charge will be found upon them, and none 
whatever upon the originally charged interior globe. 

In rig. 28 another of Biot’s experi- Fig. 28. 

ments is illustrated. A B is an insu- 
lated cylinder, moveable round a hori- 
zontal axis, which may be turned by a 
glass handle II. Around the cylinder 
there is wound a metallic riband C D, 
to the end of which is attached the 
silk cord F. This apparatus is made to 
communicate wdth a yith-ball Electro- 
scope E ; w hen the riband is electrified 
the balls of the Electroscope diverge; 
upon unrolling it by pulling the silk 
thread at F, the balls gradually collapse, 
indicating a diminution of electrical 
charge, and if the riband be sufficiently 
long, compared with the electr ical charge 
given to the apparatus, they will entirely 
collapse, but will again diverge on re-rolling the riband on thq cylinder. 



This experiment is a modification of one made . 
long since by Franklin. The apparatus employed 
by that philosopher is shown in Fig. 29, and 
consisted simply of a metallic can and chain, 
insulated on a varnished glass pillar. A pair of 
pith-balls suspended by linen threads was hung 
on a wire projecting from the can. On elec- 
trifying the can by an excited glass rod, the balls 
diverge to a certain extent; on lifting up one end 
of the coiled chain by the silk thread s, and 
drawing it gradually out of the can, the diverg- 
ency of the balls lessens, and finally becomes 
scarcely perceptible ; on now again dropping the 
chain gradually into the can, the balls’ again 
begin to diverge, and the divergence increases 
till the whole of the chain has been returned 
when it is nearly as great as at first. 

(85) The permanent residence of a charge on 
the external surface without regard to the nature 
of this surface is beautifully illustrated also by 
the following experiments of Faraday. 


Fig. 29. 
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1®. A cylinder of wire gauze is 'placed on an insulating stand, and a 
small charge of Electricity communicated to its inner surface by means 
of a carrier ball ; a Coulomb’s proof plane is now applied to abstract a 
portion of this charge for testing; none can however be obtained, the 
whole being found on the outside of the gauze notwithstanding the free 

2®. A conical muslin bag, 
stiff enough to preserve its 
form, is attached to a metallic 
hoop insulated on a varnished 
glass rod, and placed in a hori- 
zontal position, as shown in 
Fig. 80^ a charge of Elec- 
tricity is conveyed to the bag 
by means of a carrier ball, the 
Electricity arranges itself on 
thcoutsideof thecone; the cone 
is now drawn inside out by 
means of a silk thread, so tliat 
the surface of the muslin which before formed the inner now^ Ibrms the 
outer superficies; on applying the jmoof plane it is found that th(M*harge 
has passed-from one surface of the muslin to the other, in order still to bo 
on the outside. This CAporiment may be varied thus : — A net of hlaek 
Fig. 31. thread is attached to a metallic hoop 

provid(‘tl with an insulating handle, the 
lower end of the net is galhored round 
a circular metallic ])late sonu'what 
smaller than the hoop, so as to form a 
bag, an electri(‘al charge is iransfiTred 
by a carrier ball to the inside of the bag, the ball being made to touch the 
metallic plate, the charge is found arranged as before on the outside ; 
by a dexterous movement of the hand the bag may b(^ now turned inside 
out, upon which it will be found that the charge has followed the nioti()ii 
of the bag, and is still arranged on the outer surface. The ex|)erinieiits 
W'ith the ice-pails (Fig. 2G) are also beautiful illustrations of the deter- 
mination of a charge to the surface of conductors, and the phenomena arc 
in exact accordance with the corpuscular view of induction set forth by 
Faraday : “ All charge of conductors is on their surface, ])cc[ius(i, being 
essentially inductive, it is there only that the medium capable of 
sustaining the necessary inductive state begins. If the conducJ;or8 
are hollow, and contain air or any other dielectric, still no charge 
can appear upon that internal surface, because the dielectric there 
cannot assume the polarised state throughout in consequence of the 



and open access between the sides. 
Fig. 30. 
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opposing actions in difFerent directions.” (JKr. Research, series xi., p. 

1301.) 

(86) But the grandest experiment of this kind was that conducted 
hy Faraday in the lecture room of the Boyal Institution, his object 
being to ascertain whethc^r air could be charged hodily with either kind 
of Electricity — whether Electricity could exist separate from matter. 
“ I carried on these experiments with air to a very great extent. I had 
a chamber built, being a (iube of twelve feet. A slight cubical woodeijL 
frame was constructed, and copper wire passed along and across it in 
various directions, so as to make the sides a large* net-work, and then 
all was covcT(?d in with paper, placed in close connexion with the wires, 
and supplied in every direction with bands of tin-foil, that the whole 
might be brought into good metallic communication, and rendered a 
free conductor in every part. This cliainber was insulated in the 
lecture room of the Boyal Institution ; a glass tube about six feet in 
Icmgth was passed through its side, leaving about four feet within and 
tw^o feet on the outside, and through this a wire passed from a large 
clect^cal machine to the air within. By working the machine the air 
in this chamber could be brought into what is considered a highly 
elect nTied state (being, in fact, the same state as that of the air of a 
room in 'which a powerful machine is in operation), and at the same 
time the outside of the insulated cube w’as everywhere strongly charged. 
But putting tlie chamber in communication with a discharging train, 
and working the? machine so as to bring the air ■within to its utmost 
degree of charge, if I quickly cut off the connexion with the machine, 
and at the same moment, or instantly after, insulated the cube, the air 
within had not the least po'vser to communicate a further charge to it. 
If any portion of the air was electrified it was accompanied by a 
corresponding opposite action -within the tube, the whole effect being 
merely a case of induction. Every attempt to charge air bodily and 
indi'pendently -with the least portion of either Electricity failed. 

I put a delicate Electrometer within the cube, and then charged 
the whole by an outside communication, very strongly, for some time 
together ; but neither during the charge, or after the discharge, did the 
Electrometer or air -svithin sliowr the least signs of Electricity. I 
charged and discliarged the whole aiTangement in various ways, but in 
no case could I obtain the least indication of an absolute charge, or of 
one by induction in which the Electricity of one kind had the smallest 
superiority in quantity over the other. I went into the cube and lived 
in and using lighted candles. Electrometers, and all other tests of 
electrical states, I could not find the least influence upon them^ though all 
the time the outside of the cube was powerfully charged, and large sparhs 
and brushes were darting off from every part of its outer surface^ The 
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conclusion I have come to is, that non-conductors, as well as con- 
ductors, have never yet had an absolute and independent charge of one # 
Electricity communicated to them, and that to all appearance such a 
state of matter is impossible.” {Ex, Research.^ series xi. 1173 — 4.) 

(87) But though Electricity may be considered as confined to the 
surfaces of bodies, its intensity is not on every part the same. On 
a sphere, of course, the symmetry of the figure renders the uniform 
distribution of Electricity upon it inevitable ; but if it be an oblong 
spheroid, the intensity becomes very great at the poles, but feeble at 
the equator. A still more rapid augmentation of Electricity at the 
extremities takes place in bodies of a cylindric or prismatic form, and 
the more so as their length bears a greater proportion to their breadth. 
Coulomb insulated a circular cylinder, two inches in diameter and thirty 
inches in length, of which the ends were hemispherical ; and on com- 
paring the quantities of Electricity collected at the centre and at points 
near the extremities, he obtained the following results : — at two inches 
from the extremity the Electricity was to that at the centre as 1}^ 
to I ; at one inch from the extremity it was as It to 1 ; and the 
extremity it w'as as 2 to 1. From the observations ot the same 
philosopher, it appears that the depth of the electric fluid on a 
conductor always increases in rapid proportion in approaching the 
edges, and that the effect is still more augmented at corners, which 
may be regarded as two edges combined; the cflect is still further 
increased if any part of a conductor have the form of a point. In 
his researches Coulomb employed the proof plane and his balance of 
torsion ; but as it has been rendered probable by the experiments of 
Harris that an indefinitely thin carrier plate cannot be altogether 
considered as an element of the surface of an electrified body to 
which it is applied, that it does not, in fact, fairly represent the 
actual amount of Electricity accumulated, it is possible that further 
investigation may render it necessary to modify, to some extent, the 
conclusions of the French mathematician. 

, (88) It was assumed also, by Coulomb, that the force which retains 
Electricity on the surface of a conductor is the pressure of the atmo- 
sphere, and the reason why it is impossible to accumulate any quantity 
of Electricity on a conductor furnished with points is because the 
depth of Electricity is there so much increased that the force of the 
electric fluid exceeds the restraining pressure of the atmosphere. But 
by adopting Faraday’s theory of induction, founded upon a molecular 
action of the dielectric, we get rid of the necessity of associatingrtwo 
such dissimilar things as the “ ponderous air and tlie subtile and even 
hypothetical fluid or fluids of Electricity, by gross mechanical relations.” 
“An electrified cylinder is more afiected by the influence of the surround- 
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ing conductors (which complete the 'condition of charge), at the ends 
^han at the middle, because the ends are exposed to a greater sum of 
inductive forces than the middle ; and a point is brought to a higher 
condition than a ball, because, by relation to the conductors around, 
more inductive force terminates on its surface than on an equal surface 
of the ball with which it is compared,” (Ex. Research., xii., par. 1302.) 
The distribution of Electricity on the surface of an insulated sphere 
is only uniform as long as it is surrounded by a dielectric of the 
same specific inductive capacity, for when an electrified ball is partly 
surrounded by air and partly by sulphur or lad, tlfe Electricity is 
difiused on it unequally, though the pressure of the atmosphere 
remains perfectly unchanged. Again, it has been shown by Harris 
(Phil. Trans., 1834), that an electrified ball, insulated under the 
receiver of an air-pump, and connected with an Electroscope, undergoes 
no change by witlidrawing il oths of the air, also that a charged Elec- 
troscope, enclosed in an air-tight bulb and placed under a receiver, 
r(4ains its charge unaltered w^hen ?(lths of the air is withdrawn, and 
t]\at the divergence of a well -insulated gold leaf Electroscope does 
not diminish when the air of the receiver under which it is placed is 
exhausted till only .n inth part remains. 

(89) Condensers, nndtipliers . — AVe arc now prepared to understand 
tlie rationale of those instruments which have been contrived for the 
purpose of rendering evident very minute traces of Electricity. They 
have received various forms, but they all depend on the following 
considerations. If we communicate a charge of Electricity to an 
insulated metallic cylinder, provided at either end with a strip of gold 
leaf, as an Electroscope, the equal divergence of the two leaves will 
show the equality of the distribution of the Electricity at the tw'o ends 
of the (fonductor. Tf wo now bring near to one end of the electrified 
cyliiuh^r another similar cylinder, unelectrified and in free communica- 
tion with the earth, we shall observe a remarkable disturbance to take 
place in the electrical condition of the cylinder: the gold leaf at the 
extremity nearest tlie second cylinder will become much more divergent, 
while the repellent efiect of the other wdll be greatly diminished, and 
even reduced almost to nothing. On removing the uninsulated cylinder, 
the divergence of the two leaves will again become equal, and we may 
further observe that the nearer the neutral conductor is brou<:ht to the 
electrified one the greater the difference in the repellent powTr of the 
two leaves. Now, bearing in mind that “ all charge is sustained by 
induction,” w^e must consider the divergence of the gold leaves on 
the electrified conductor to be occasioned, not by any direct repulsive 
power exerted on them by the cylinder, but in consequence of in- 
duction through the air towards distant surrounding objects. When, 
therefore, a conducting body is brought very near to the insulated 
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electrified cylinder, induction is almost wholly directed through the 
air to it; if the second cylinder be insulated it will itself become^ 
electro-polar, but if it be in direct communication with the earth the 
Electricity of the same kind with that of the first cylinder will become 
Yirtually annihilated, by diffusion over the earth, and it will itself 
sustain nearly the whole of the charge on the electrified cylinder, 
hence the reason why the gold leaf nearest the second cylinder 
becomes more repellent than before and the other one less so. This 
mashing or apparent neutralizing of a portion of the charge on the 
conductor, may be further shown by connecting the cylinder with the 
gold leaf Elect rosfjope (19), the leaves of which will begin to collapse 
the moment the second cylinder is made to approach the first. The 
same fact may be still more simply shown without employing any 
metallic conductors at all, by merely bringing the hand over and 
close to the cap of the instrument, the charge on the cap and leavc's, 
previously sustaiiu'd by surrounding objects, will now be sustained 
nearly entirely by the hand alone, and the greater part of the charge 
being now’ concentrated on the cap, the h'aves will collapse. 

(00) It is important to bear in mind that none of the Electricity' 
with which the Eh^etinscopo was charged is lost in this experiment ; 
it is only diverted from the leaves to the cap, as is ])roved by the 
fact that, when the hand is removed the divergence of tlur former 
will, in a good experiment, return to its former extent. If now’ w’e 
substitute for tlu^ cylinders a pair of metallic discs, precisely the same 
results will be obtained. 

Fig. ;J2. 

E 



Let E, Eig. 32, represent the cap and leaves of Singer’s arrangeijient 
of Bennett’s Electroscope, and A B the end view of an insulated 
metallic disc, connected wdth E by a metallic w’ire. On communicaiing 
a small cliargc of Electricity to A B it wdll be difiiised over E, and the 
leaves will diverge to a certain extent \ if we now approach A B wdtli 
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a second and precisely similar dist, A' B', in free communication with 
ihe earth by the wire W, the leaves will gradually collapse, and when 
the two discs are almost in contact, the charge will be so far withdrawn 
from E and concentrated on A B that the gold leaves will bang nearly 
parallel ; let A' B' be now' suddenly* withdrawn to a distance, the 
Electricity accumulated on A B being now relieved from the influence 
of A' B', will, in virtue of its expansive power, return and diffuse 
itself over E, the leaves of which will immediately return to their 
former stale of divergence. Whilst the disc, A ig under the in- 
fluence of A' B', and the leaves of the Electroscope nearly converged, 
let a second quantity of Electricity be communicated to A B, suflicient 
to cause a sensible divergence of the gold leaves, then let A' B' be again 
suddenly withdrawn, the leaves will now open to a considerable extent, 
being iidluenced by the united forces of both the electrical charges 
thrown on A B. This is in fact the principle of the electrical condenser, 
originally invented by (Epinus, but brought into the service of electrical 
science by Volta. “It is,” observes Dr. Lardner, “in the estimation 
of small quantities of Electricity, analogous to the microscope in the 
(Examination of visible objects, and it stands in the same relation to the 
Elijctroseope as the compound microscope holds to the micrometer, 
screw’, and vernier in astronomical instruments.” 

(01) Hie laws regulating the inductive action of the discs on each 
other, and tlie operation of ' the direct and reflected inductive forces, 
have been investigated by Sir William Snow Harris, by some beautiful 
experiments made witli bis hydrostatic balance (63), {Fhil. Trans., 
1831, and liudimentar'y Electricity, 101, et seq.) The quantity of 
Eh'ctricity disjdaced from A' B' may be considered as the direct 
induction of the plate A B. In order to measure this induction, the 
wire eoinieeting A' B' witli the earth was removed, the plate itself 
being in communication with the plate /(Eig. 13) of the Electrometer, 
which then indicated, in degrees, the resulting force at the distance 
between the plates A B, A' B'. These plates were then separated by 
other distances, and it was found that the forces, in degrees, as expressed 
by the Electrometer, were inversely as the squares of the distances hetween 
the plates ; and as the quantity of Electricity is as the square roots of 
the forces, it appears that the direct induced force is inversely as the 
distance. The distances between tlie plates being constant and the 
(Quantity of Electricity being varied, it w'as found that the induced 
force was as the exciting Electricity directly and as the distance in- 
versQly. hen A! B^ w'as insulated, then the direct induction W'as no 
longer, as before, in a simple inverse ratio of the distances, but in 
the inverse ratio of the square roots of the distances. The amounts of 
reflected induction of B" on A B wrere next ascertained ; they were 
found, when A B' w as uninsulated, to be in the inverse ratio of the 
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distances between tbe plates, wbife, when A! B' was insulated, the 
variation was aS before, in the inverse ratio of the square roots of the 
distances, 

(92) The original condenser of Volta was constructed as represented 
in Fig. 33. It consisted of two circular metallic discs, the surfaces of 
Fig. 33. which were covered with a tliin and uniform 

coating of amber varnish ; the loAver disc, B, w^as 
supported on a metallic stand, B D, the upper 
disc, A, called the collector, was provided with an 
insulating handle, and a short wire terminating 
B in a metallic ball, E. The body, the Electricity 
of wdiich was to be investigated, was brought 
into contact with E, the Electricity thus com- 
municated to A, acting by induction through 
the^thin non-conductor on B, confined the Elec- 
tricity of the o])posite kind, repelling its similar 
Electricity ; at the same time B, being in perfect 
electrical communication with the earth, had a 
constant supply of neutral Electricity conven ed 
to it, whicli in its turn unde?rwxmt a similar decomposition. Tliis process 
lasted until the condenser had n'ceived the full charge answering to 
its surface. The collector, A, being suddenly raised by its glass handle, 
taking care to keep it parallel to the base, the Electricity accumulated 
upon it could be transferred to an Electroscope for examination. The 
plates maybe placed vertically, and if made a foot or more in diameter are 
very efficient and pow’crful. It is usual, however, to attach them at once 
to the gold leaf Electrometer, in the manner shown in Fig. 31<, w here a 

represents the collecting plate and h the 
condenser, the brass stem of which is 
attached to a hinge, by means of which 
it can be ra[)idly approached to and with- 
drawn from a, in metiillic connection w ith 
the Electroscope. Sometimes the collect- 
ing plate is screwed on the top of the 
Electroscope, the coiidciising plate resting 
upon it, and in eoinmunication with the 
earth, and occasionally the w hole instru- 
ment is inclosed in a glass case, a vessel of 
quicklime being also inclosed to preserve 
the glass from hygromctric moisture. 

(93) An electrical condenser of remarkable delicacy was invented 
by M. Peclet, and is thus described by him {Annales de Chiviie el de 
Fhysique, May, 1840). — The apparatus consists of three gilded plates 
superposed, a glass shade, containing the gold leaves, a three-footed 
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stand, furnislied with adjusting screws, an eye-piece, and a portion 
of a divided circle. It is shown in Fig. 35. The inferior plate, a, 

Fig. 35. 



is metallically connected with the gold leaves, as in ordinary condensers, 
and is varnished on its upper surface alone. The plate 5, which is placed 
above, is furnished with an Insulating handle, d ; it is varnished on both 
sides but not at its circumference; finally, the plate c is pierced at its 
centre by an orifice, through which passes the handle attached to the 
plate 1) ; it is furnished with a cylinder of glass, e, serving to raise 
it, and is only varnished on its lower surface. These three plates 
are of ground glass, gilt, and then covered with many layers of 
gum-lac Tarnish. The lower plate, a, is in metallic connection 
with the tw'o gold leaves, r, s, which are thin, narrow, parallel, and 
arranged as in ordinary condensers ; these leaves are placed within a 
glass shade, large enough to allow the gold leaves to separate to their 
fullest extent witliout touching it. On the bottom of the case are 
fixed two plates of copper, t, o, destined to increase by their in- 
fluence the divergence of the leaves, their height being so adjusted 
that the gold leaves may not, at any time, touch them. At the bottom 
of the shade is placed a box, containing chloride of calcium, to dry tlie 
air ; the shade rests on a stand furnished with screws, by means of 
whifh the , apparatus is rendered vertical. At one of the extremities 
of this stand, h, is a rod, supporting a circular plate, i, pierced at its 
centre with a very small hole ; the other extremity is furnished with 
a section of a circle, divided into degrees ; the heights of tijis 
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graduated piece and that of the centre of the plate t are so adjusted 
that the line which joins the two centres is horizontal, and also passes 
through the upper extremities of the gold leafes. 

The instrument is used in the following manner : — the upper plate 
is touched with a metftl held in the hand, and the* edge of the second 
plate wdth the finger ; the contacts are broken, the upper plate is 
removed and the lowest touched; the upper plate is then returned, 
and the same series of operations is several times repeated ; finally, the 
two upper plates are' removed by means of the rod d; the gold leaves 
diverge* to a degree greater in proportion to the number of operations. 

The rationale of the operation is this: — when the upper plate is 
touched by a metal held in the hand and the second with the finger, 
everything takes place as in the common condenser, the two plates 
become charged with ^he contrary Electricities, but disguised. When 
the first plate is removed these Electricities become free ; but if the 
third plate* is touched with the finger, the latter becomes charged and 
disguises the charge of the second ; if then the first plate is restored 
to its place the second will be charged anew, and the charge may be 
madePto pass in the same manner to the third. It is evident that 
• if the Electricity of the upper plate did not dissipate itself it w'ould 
sufliee to touch it but once with the metal held in the hand ; but to 
avoid the influence of that loss it is better to touch it at each operation. 

Tb give an idea of the condensing power of tliis instrument the 
following results are mentioned. — When t?lie upper disc was touched 
with an iron wire twice, tlirice, four, five, and six times, tlie divergence 
of the gold leaves amounted to 93®, 20^, 25®, 31®, 41®, and 88®. When 
the experiment was made with a platinum wire, freed from all ex- 
traneous substances upon its surface by exposure to a red heat, and 
held in the hand after it had been washed with distilled w'ater, a single 
contact indicated only a feeble divergence, but after three contacts it 
rose to 15®, and after tw enty it amounted to 53®. This experimental 
demonstration of the existence of an electro-motory force between 
platinum and gold, and wliich had pre^^ou8ly been wanting, was also 
obtained by M. Peclet with an ordinary condenser, the sensitiveness 
of which was carried to the utmost limits. 

It appears, from M. Peclet’s experiments with the double as well 
as the single condenser, that all metals are positive with regard to gold, 
and that in this respect their relative order is as follows, — zinc, lead, 
tin, bismuth, antimony, iron, silver, and platinum. Bismuth, antimony, 
and iron behave so like each other that their order in the series cc^uld 
be made out in no other way than by a very frequent repetition of the 
experiment. 

(91) Of the various instruments that have been termed “ multipliers ** 
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and “ doublers ” we shall only describe the multiplier of Cavallo, it 
being very uncertain how far the indications of these instruments are 
to be relied on, as, from their extreme sensibility, they are liable to 
induce a low state of excitation during the manipulations performed 
with them, and thus to lead to equivocal results. Cavallo*s multiplier 
is shown in Fig. 36. It consists of four metallic plates. A, B, 0, D. 
The disc A is insulated on a glass pillar rising from the wooden base ; 
B is also supported on a glass pillar fixed in a lever, E F, moving on 
a pivot, E ; C is supported by a glass pillar standing ion the base ; and 

Fig. 36. • 



D rises from a slider, and is uninsulated ; by means of this slider 
C and B may be approached to and withdrawn from each other. At 
the back of B is fixe'd a metallic wire, II, which touches the metallic 
pillar, K, when the distance between A and B amounts to about the 
twentieth of an inch. The apparatus is used thus : — the body whose 
Electricity is to be examined k brought into contact with A, and B 
being, by the wire II, in^«ommunication, through K, with the earth, 
acts as a condenser, and becomes charged with the contrary Electricity. 
The lever, E F, is now moved to the position indicated by the dotted 
lines, and the contact between the wire, H, and the pillar, K, being 
broken, the Electricity of the condenser, B, is prevented from escaping 
♦ to the earth, but is partly transferred to C, with which, by the motion 
of the lever, E F, it is brought into contact. But the uninsulated disc, 
D, acts as a condenser to C, and the consequence is, that nearly the 
whole of the charge on B is attracted to C : the lever is now restored 
to its former position and the process repeated, and may be continued 
until C becomes so charged with Electricity, that it can receive no more 
of the fluid from B ; B is finally removed from A. 

F 2 



68 


STATICAL OS TBICTIOSAL SLSCIBICIIT. 


CHAPTEE IV. 

THE ELECTEICAL MACHINE. 

Various forms of the glass electrical machine —The steam-electric machine — 

Different fonns of the disruptive discharge. 

(95) Mectneal macldnes. — The first apparatus that was constructed 
for the exhibition of electrical phenomena, to which the name of electrical 
machine was given, was the globe of sulphur used by Boyle 'and Otto 
Guericke (4), with which they discovered electric light. The substi- 
tution of ghass for sulphur was made by Newton, the rubbers employed 
in both cases being the hand of the operator. That important part ol 
the machine called the prime conductor was first introduced by Bozo, 
(7), it consisted of an iron tube suspended by silken strings ; and the 
substitution of a cushion for applying friction in the place of the hand, 
was first made by Winkler. Various w'ere the forms now given to the 
electrical machine, for descriptions of many of which the curious reader 
is referred to Priestley’s compendious Jlistory of Electriciti/, 17(39. 
Dr. Watson’s machine consisted of four globes turned by the same 
multiplying wheel, the Electricity being collected by one common con- 
ductor, and Dr. Priestley seems to have been tlie first electrician who 
employed a conductor supported by an insulating pillar. It was a hollow 
vessel of polished copper in the form of a pear. The insulating support 
was of baked wood, which was preferred to glass as being a better insu- 
lator and less brittle. The conductor received its “ fire ” by means of a 
long arched wire, or rod of very soft brass, easily bent into any shape, 
and raised higher or lower as the globe required, and it terminated in 
an open ring, in which were hung some sharp-pointed wires playing 
lightly on the globe when in motion. The rubber consisted of a hollow 
piece of copper filled wdth horse-hair, and covered with basil skin ; on it 
was laid an amalgam made by rubbing together mercury and thin pieces 
of lead or tin-foil on the palm of the hand, and then mixing it into a 
paste with a little tallow. The electric was a glass globe with a single 
neck enclosed in a deep brass cap, mounted in a frame of baked wood 
and turned by a large multiplying whe^l. The battery employed 
by Priestley consisted of sixty-four flint green glass jars, each ten inches 
long and two inches and u half in diameter ; the coated part of each 
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was half a square foot ; the whole batteiy contained thirty-two square 
feet. 

(96) The electrical machines now constructed are exceedingly 
elegant pieces of philosophical apparatus, though they differ in form 
and arrangement almost as widely as the somewhat clumsy machines of 
the older electricians. There are two kinds of electrical machin^ in 
general use, the cylindrical and the plate machine. The former is 
shown in Fig. 37. It consists 
of a hollow cylinder of glass, 
supported on brass bearings, 
which revolve in upright 
pieces of wood attached to a 
rectangular base ; a cushion 
of leather stuffed with horse- 
hair, and fixed to a pillar of 
glass, furnished with a screw 
to regulate the degree of 
pressure on the cylinder; a 
cylinder of metal or wood 
covered with tin-foil, mounted 
on a glass stand, and termi- 
nated on one side by a series 
of points to draw the Electricity from the glass, and on the other side 
by a brass ball. In order to keep the rubber and conductor warm and 
dry, Mr.. Konalds suggested in 1823 to support them on hollow glass 
tubes underneath which small lamps are placed. A more uniform 
temperature may however be obtained by placing underneath the 
cylinder a plate of metal about 6 inches square, and keeping it heated 
by an argand lamp. A flap of oiled silk is attached to the rubber to 
prevent the dissipation of the Electricity from the surface of the 
cylinder before it reaches the points. On turning the cylinder, the 
friction of the cushion occasions the evolution of Electricity, but the 
production is not sufSciently rapid or abundant without the aid of a 
more effective exciter, which experience has shown to be a metallic 
substance; The surface of the leather cushion is therefore smeared with 
certain amalgamj of metals, which thus become the real rubbers. The 
amalgam employed by Canton consisted of two parts of mercury 
and one of tin, with the addition of a little chalk. Singer proposed a 
compound of two parts by weight of zinc, and one of tin ; and Pfister 
a mixture of two parts tin, three zinc, and four mercury, with which in 
a fluid state six parts by weight of mercury are mixed, and the whole 
shaken in an iron, or thick w^ooden box, until it cools. It is then 
reduced to a fine powder in a mortar, sifted through muslin, and mixed 
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with lard in sufficient quantity to reduce it to the consistency of paste. 
This preparation should be spread cleanly over the surface of the 
cushion, up to the line formed by the junction of the silk flap with the 
cushion; but care should be taken that the amalgam should not be 
extended to the silk flap. It is necessary occasionally to wipe the 
cushion, flap, and cylinder, to cleanse them from the dust which the 
Electricity evolved upon the cylinder always attracts in a greater or 
less quantity. It is found that from this cause a very rapid accumula- 
tion of dirt takes^pla^e on the cylinder, which appears in black spots 
and lines upon its surface. As this obstructs the action of the machine 
it should be constantly removed, which may be done by applying to the 
cylinder, as it evolves, a rag wetted with spirits of wine. The pro- 
duction of Electricity is greatly promoted by applying to the cylinder 
with the hand a piece of soft leather, five or six inches square, covered 
with amalgam. This is in fact equivalent to giving a temporary 
enlargement to the cushion. 

Peschel states {Elements of Fhysics, vol. iii. p. 32), that the most 
efiectual method of using amalgam is to spread it pretty thickly on the 
cushion itself, and then to cover it with a piece of silk, so that the 
amalgam may not be in actual contact with the glass: a suflicicnt 
quantity will work through the silk when the glass presses against it.^ 
By this arrangement the inconvenience of smearing the glass is avoided. 
One important qualification of the rubber is, that the surface on which 
the amalgam is placed, should carry off as quickly and as completely as 
possible, the Electricity excited. To efiect this, a piece of copper, or 
tin-foil, the same size as the cushion, is laid immediately under the 
surface coated with amalgam. If, however, the cushion is stufled with 
metal filings instead of with horse-hair, this arrangement is not 
necessary. If the surface of the amalgam be covered with finely 
powdered mosaic gold, increased effects are said to be produced; but 
attention must be paid to the purity of this substance, or it may be inert 
or even injurious. According to Masson (Archives de V Eleciriciie, 
Sept. 1845), mosaic gold (bisulphuret of tin) sometimes contains as 
much as fifty per cent, of sal ammoniac, the hygrometric and conductric 
properties of which completely destroy its electric action. Before 
employing it, therefore, it should be reduced to a powder, and washed 
on a filter until it no longer gives any indications of the presence of 
sal ammoniac: it should then be carefully dried and employed in 
powder upon heated paper. Masson thinks that the bisulphuret of tin 
does not undergo decomposition, but that it becomes electrizecL by 
simple friction. ^ 

The use of the oiled silk flap is to prevent the dissipation of the 
Electricity evolved on the glass by contact with the air; it is thus 
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retained on the cylinder till it encounters the points of the prime con- 
ductor, by which it is rapidly drawn off. It is usual to cover with a 
varnish of gum lac those parts of the glass beyond the ends of the 
rubber, with a view of preventing the. escape of the Electricity through 
the metallic caps at the extremities of the cylinder, and the inside of 
the flap is also sometimes coated with a resinous cement consisting of 
four parts of Venice turpentine, one part of resin, and one of bees’ 
wax, boiled together for about two hours in an earthen pipkin over a 
slow fire. 

(97) When the cylindrical machine is arranged for* the development 
of either positive or negative Electricity, the conductor is placed with 
its length parallel to the cylinder, and the points project from its side, 
as in the machine shown in the figure. The negative conductor sup- 
ports the rubber, and receives from it the negative Electricity not by 
induction, as is the case with the positive conductor, but by commv/ni- 
cation, K it be required to accumulate positive Electricity, a chain 
must be carried from the negative conductor (which of course is insu- 
lated) to the ground ; if, on the other hand, negative Electricity be 
required, then the conductor must be put in communication with the 
earth, and the rubber insulated. We shall return to the consideration 
of this presently. 


Fig. 38. 



(98) !rhe Plate Electrical Machine is shown in Pig. 38. It consists of 
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a circular plate of thick glass, revolving vertically by means of a winch 
between two uprights : two pairs of rubbers, formed of slips of elastic 
wood covered with leather, and furnished with silk flaps, are placed at 
two equi-distant portions of the plate on which their pressure may be 
increased or diminished by means of brass screws. The prime con- 
ductor consists of hollow brass, supported horizontally from one of the 
uprights ; its arms, where they approach the plate, being furnished 
with points. 

(99) With respect to the merits of these two forms of the electrical 
machine, it is difficult *to decide to which to give the preference. For an 
equal surface of glass the Plate appears to be the most powerful ; it is 
not, however, so easily arranged for negative Electricity, in consequence 
of the uninsulated state of the rubbers, though several ingenious 
methods of obviating this inconvenience have been lately devised. 


Fig. 39. (1) 



(100) One of the best forms of the Plate Machine is that invented by 
Mr. C. Woodward, President of the Islington Literary and iftientific 
Institution. Fig. 39 represents the one in that Institution, presented to 
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the members by the above-mentioned gentleman. The plate, which is 
two feet in diameter, is fixed in the ordinary manner, between two 
uprights, to the top and bottom of which are attached the rubbers. The 
two conductors, A B, insulated on stout glass pillars, are fixed at each 
end of the mahogany board on which the whole is mounted, and con- 
nected together by a brass arm C, which is supported in the centre by a 
glass pillar E ; from these points project and collect the Electricity from 
both sides of the plate. This machine possesses the following advan- 
tages: the insulation is exceedingly good; it occupies but very little 
room on the lecture table ; and readily 
exhibits positive and negative Electricity : 
for this latter purpose, it is arranged as ; 
follows, and the annexed cut will render j 
it perfectly intelligible. The right-hand ^ \ 

conductor B, together with the brass arm j||j||k \ 

and support, are removed, and the plate i| j j 
being turned a quarter of a circle, the 

upper rubber D is brought dowm on the I 

glass pillar E, and a brass ball G screwed 1 b 

into it. We have now a positive and || I 

negative conductor; and although the || I 

machine possesses, of course, but half its I 

original power, it is sufficient for all pur- 
poses of experiment. Instead of one, this 
machine is readily mounted wdth two 

plates, w'hich work equally well, and it then becomes an exceedingly 
powerful instrument, occupying scarcely any more space. 

Mr. Woodw'ard strongly recommends the covering the glass pillars, 
and also that part of the plate betw^een the spindle and the rubbers, 
with sealing-wax varnish, stating that it very much increases the power 
of the machine. 


(101) In Sturgeon’s Annals of Electricity^ &c. for September, 1841, 
two useful modifications of the cylinder and plate machine are de- 
scribed and lithographed. The principal feature in which the arrange- 
ment of Mr. Goodman’s cylinders differs from those of the usual con- 
struction, consists in their being supplied with two rubbers, mounted on 
glass rods placed parallel to each other on opposite sides of the cylinder, 
and connected together by means of a brass tube bent l^wice at right 
angles. This brass tube rises several inches above the top of the cylinder, 
so as tp be out of the way of the prime conductor, which is so contrived 
as to answer at the same time for a support for one of the pivots on 
which the cylinder revolves. Two arms proceed from the upper and 
lower portion of this upright conductor, passing parallel to, and above 
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and below the cylinder, from which a number of points project to receive 
the fluid accumulated by the excitation of the rubbers, and brought 
round by the rotation of the cylinder. To prevent dissipation of the 
fluid from the extremities of the arms, each is made to terminate in a 
lacquered glass hall. Machines arranged in this manner are stated 
by the inventor to possess the desirable qualities of strength and en- 
durance, and for equal surfaces to be twice as powerful as when only 
one rubber is employed. 

Mr. Goodman arranges the rubbers of his plate machine in a similar 
manner, that is, parallel to each other, and supported by glass pillars on 
either side of the periphery of the plate, as in the cylinder machine, one 
end of the axis (of lacquered glass) turns in an insulated conductor pro- 
vided with horizontal arms carrying points. 

For common purposes, and where extreme cheapness is desirable, the 
plate may be made of common window-glass, to the centre of which two 
wood-turned convex caps may be cemented without any perforation of 
the plate, and the axle is completed by cementing a glass rod to the 
centre of each cap. The cement recommended by Mr. Goodman, is 
equal parts of resin and bees’ wax, made sufficiently thick by the addition 
of red-ochre. The cost of a plate of fifteen inches in diameter is about 
two shillings, or half a crown. 

(102) . Van Marum in conjunction with Mr. Cuthbertson constructed 
an electrical machine of extraordinary power, towards the end of the last 
century. It consisted of two circular plates of French glass, each 
sixty-five inches in diameter, fixed upon the same axis and excited by 
four pairs of cushions each nearly sixteen inches in length, A single 
spark from this machine melted a leaf of gold; a thread became attracted 
at the distance of thirty-eight feet, and a pointed wire exhibited the 
appearance of a luminous star at a distance of twenty-eight feet from 
the conductor 

A magnificeA machine, somewhat on Van Marum’ s principle, has 
lately been constructed for the Eoyal Panopticon of Science and Art in 
Leicester Square. The plate of this machine is ten feet in diameter, it 
is turned by steam power, and excited by three pairs of rubbers, each 
pair nearly three feet in length. The conductor, which is pear-shaped 
on Priestley’s plan, is six feet long and four feet in diameter in its widest 
part. When W' ell Texcited, sparks from fifteen to eighteen inches in 
length, and of remarkable brilliancy and volume, may be drawn from the 
terminal ball of the conductor; the discharge through a vacuous tube seven 
feet long, exhibits a continuous stream of splendid purple light, and it 
charges to saturation a battery of thirty-six jars, presenting 108 square 
feet of coated glass, in less than a minute. 

(103) Sir William Harris’s elegant machine is shown in Fig. 41. 
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The plate A A, about three feet in diameter, is mounted on a metallic 
axis resting on two horizontal supporters of mahogany, which are 
themselves sustained by four vertical mahogany columns, fixed 


Fig. 41. 



upon a firm frame as a base. The whole apparatus rests on the 
four legs, B C D F, aud these again rest upon another steady frame 
provided with three levelling screws, Q- H I, for securing it in a 
horizontal position. The rubbers are insulated on the glass pillars, K 
K, one on either side of the horizontal diameter of the plate. L M N 
is the positive conductor projecting in a vertical position in front of the 
plate, while the negative conductor, O P, passes in a curvilinear direction 
behind, and connects the rubbers of each side. 

The glass j)late is turned by an insulated handle, immediately in front 
of which is placed a short index, wrhich is fixed to the axis, and which 
moves over a graduated circle attached to the horizontal part of the 
frame, and through the centre of which the axis passes. In this manner 
the ipimber of revolutions of the plate may be accurately registered. 
In order to strengthen the centre of the plate, two smaller plates are 
cemented to each side by varnish, and a small stop is inserted into 
the axis to prevent the pressure from increasing beyond a certain point. 
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When the machine is used 
for ordinary purposes, the 
conductors, as shown in 
Fig. 42, are employed, but 
when it is required to 
accumulate Electricity, the 
condiictors should have the 
smallest extent possible. 
They are thus formed of 
small straight tubes, as 
shown in Fig. 42, and its 
extremities terminate in 
balls of varnished wood, 
through the substance of 
which the metallic commu- 
nicators pass. To prevent 
the flaps from being drag- 
ged over the plate in turning, they are retained in their places by cords 
of silk attached to them, passing round fixed supports. 

The machine used by Faraday, in his famous researches, is somewhat 
in construction similar to Harris’s ; the plate is fifty inches in diameter, 
the metallic surface of the conductor in contact with the air is about 
1422 square inches ; when in good excitation one revolution of the plate 
will give ten or twelve sparks from the conductor, each an inch in length. 
Sparks or flashes from ten to fourteen inches in length may easily be 
drawn from the conductors. 

(104) It is by no means immaterial what hind of glass is employed in 
the construction of the plates or cylinders of electrical machines. 
Priestley, who made many experiments on this subject, came to the con- 
clusion “that common bottle metal is fittest for the purpose of ex- 
citation,” in consequence (as he rightly supposed) of the hardness of the 
metal and its exquisite polish. Harris recommends the flinty kind of 
plate-glass of most perfect manufacture, and very highly polished. 
Common window-glass is admirably adapted to the purposes of electrical 
excitation. Sir William constructed a machine of two feet in diameter, 
by cementing together two plates of window glass with black sealing- 
wax, and he states that it had most remarkable power. The softer kinds 
of glass and those in which the alkalies predominate are very inferior, 
and some kinds cannot be excited at all in consequence of their remark- 
able conducting power. 

(105) The eminent electrical properti 9 s of gutta percha (35) would 
suggest the employment of this substance as a negative electric for elec- 
trical machines. Mr. Barlow {Fhih Mag. vol. xxxvii. p. 428) describes an 
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apparatus of this kind, consisting of a band of thin sheet gutta-percha 
about four inches wide, which is made to pass round two wooden*rollera 
fitting them very tightly, and rubbed by four brushes of bristles placed 
outside the band and opposite to the axis of each roller. The machine 
is provided with a curved brass conductor similar in form to the con- 
ductors of plate-glass machines : under favourable circumstances this 
machine acts very well ; but Mr. Barlow finds it much afiected by the 
weather, and he thinks that although gutta-percha is capable of producing 
a large amount of Electricity, a modification must be effected in the con- 
struction of the machine before it can take its place as a useful instrument. 

(106) At the concluding stage of the manufacture of paper, viz., 
when it leaves the glazing or polishing iron rollers, and accumulates in 
a finished state on a final wooden roller, pow'^erful electrical phenomena 
are frequently developed; the Electricity is negative. Messrs. Arm- 
strong {Elect, Mag. vol. i., p. 459), Ilankel {Eoggendorf s Annalen, vol. 
xxxi., ]). 477), and Walker {Elect. Mag. vol. ii., p. 120), have studied the 
conditions under which this electrical excitement takes place. The 
electrized condition of the paper becomes perceptible immediately after 
the slicet quits the last glazing roller; and when a person’s hand is 
presented, either to the roll of finished .paper, or to any part of the 
sheet between the roll and the glazing rollers, sparks are emitted by the 
paper which sometimes reach to a distance of several inches, and when 
the interior of the room is darkened, the workmen frequently see sparks 
darting through a space of eight or ten inches between the surface of 
the roll and the iron work of the machine. By means of a collector, 
consisting of a row of metallic points insulated by a glass handle, Mr. 
Armstrong charged Leyden jars, but the quantity of Electricity evolved 
was not so great as appearances led him to expect. Dr. Hankel found 
that the heat of the last steam roller exercised great influence, the elec- 
trical phenomena being much stronger the more the heat of" the last 
steam roller was increased^ becoming in fact frequently so strong that 
very loud sparks darted from the jj|iper to the last smoothing roller, by 
which jars could readily be charged. In Mr. Elliot’s mill, near 
Cheshain, Bucks, sparks from ten to twelve inches long have been 
obtained from the wooden roller round which the paper is collected ; the 
greatest effects were produced by il thin brown paper manufactured 
for Terry’s “ poor man’s plaster.” Walker found this paper to be quite 
free from Electricity previous to its undergoing the final act of pressure 
between the polishing rollers. The cause o& electrical excitement is the 
presskure and withdrawal of pressure (amounting in fact to friction), 
which the paper undergoes in its passage through the roller. 

(107) A similar production of Electricity has for many years been 
noticed in Mr. Macintosh's manufactory at Glasgow, on tearing asunder 
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the well known waterproof-cloth which is stuck together by means of a 
solution of India-rubber in coal tar {Edin. Phil, Jour, vol. x., p. 186). 
It has also been noticed by Mr. Marsh, during the grinding of newly 
roasted coffee in an iron coffee miU (Ann, of Elect, vol. viii., p. 124). 
Powerful electrical phenomena have likewise been observed in cotton 
mills, arising from the friction of the bands or straps over the rollers by 
which the machinery is put in motion ; and lastly, strong electrical 
sparks have been obtained, where neither friction nor pressure has 
intervened to produce electrical excitement, as for instance during the 
drying of dyed or bleached goods, which, according to Mr. Napier {Elect, 
Mag, vol. i., p. 600), become sometimes so highly excited that sparks, 
visible in daylight, will be given off to an individual passing close to them. 
Pieces mordanted with acetate of alumina and dried at a great heat, are 
often highly charged with Electricity, and if the hand be suddenly drawn 
along the piece, a complete shgwer of fire is observed with a sharp 
crackling noise accompanied by a slight shock. Mr. Buchanan relates 
{Phil, Mag, N. S. vol. i., p. 581), that in a factory at Glasgow, the 
accumulation of Electricity in one room in particular, in which was a 
large cast-iron lathe, shears, and other machinery driven with great 
velocity by leather belts, was so great that it was necessary, in order to 
protect the workmen from unpleasant shocks, to connect the machinery 
by means of a copper wire with the iron columns of the building ; and 
that w hen a break in the wire of A' of an inch was made, the inter- 
mediate space w^as constantly luminous, and even at ^ of an inch the 
succession of sparks was very rapid. The Electricity was positive. 

(108) Scientific men are not agreed as to the modus agendi of the 
amalgam applied to the rubber of the electrical machine. It seems 
pretty clear that, the oxidation of the amalgam by the friction employed 
is essential to the increased excitation ; for the development of Electri- 
city does not appear to be increased when amalgams of difficultly oxi- 
dizable metals, such as gold, are employed ; and Dr. Wollaston could 
not succeed in obtaining any signs^*of free Electricity from a machine 
worked in an atmosphere of pure carbonic acid. The bisulphuret of 
tin (aurum musivum) may be employed instead of amalgam; by the 
friction it probably becomes partially decomposed into bisulphate of tin, 
as iron pyrites is into sulphate of iron. The chemical infiuence of 
fnction, indeed, is more energetic than is usually supposed : even sili- 
ceous minerals, as mesotype, basalt, and feldspar, become partly decom- 
posed, giving up a portion /)f their alkali in a free state. 

(J09) The theory of the action of the electrical machine flows ipame- 
diately from the principles of induction already illustrated (79) ; a 
brief recapitulation may, however, be useful. On turning the handle 
of the cylinder, or plate, the Electricity naturally present in the rubber 
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becomes decomposed, — its positive adhering to the surface of the 
glass, and its negative to the rubber : the positive electric portions of 
the glass coming, during its revolution, opposite ^o the points on the 
conductor, act powerfully by induction on the natural Electricities of the 
(conductor, attracting the negative, which being accumulated in a state 
of tension at the points, darts off towards the cylinder, to meet the 
positive fluid, and thus re-constitute the neutral compound. The con- 
sequence of this is, that the conductor is left powerfully positive, — 
not, it must particularly be understood, hy acquiring Elect ficity from 
the revolving glass, hut hy having given up its own negative fluid to the 
latter. The rubber is left in a proportionately negative state, and con- 
sequently, after revolving the glass for a few minutes, can develop no 
more free positive Electricity, provided it is insulated : on this account, 
it is necessary to make it communicate with the earth for the purpose 
of obtaining a sufficient supply of positive Electricity to neutralize its 
negative state. In very dry weather, it is necessary to connect the 
rubber with the moist earth by^means of a good conductor ; and it is 
advisable, if* possible, to establish a metallic connexion with metallic water 
pipes. 

(110) The subjoined experiments will serve to familiarize the student 
with the principles and action of the electrical machine. 

Ex. 1. See that the machine is in good w^orking order, the cylinder 
or plate being free from dirt and black spots (96), and perfectly dry 
and warm : wipe it W'ell wdth a piece of w'arm flannel, and then with an 
old silk handkerchief. Take care that tho insulating glass stands are 
clean and dry, and see that the rubber is uniformly but not too thickly 
covered with amalgam (90). All these particulars being duly attended 
to, turn the handle, and present the knuckle of the other hand to the 
prime conductor ; a vivid spark will pass between them accompanied by 
a sharp, snapping sound. It is usual to speak of this spark as the 
'positive sparh, a term which does not, however, convey a correct idea ol* 
its nature ; for it is not to be regarded as arising from the mere passage 
of free Electricity, but as the union of the two electric fluids, and the 
consequent discharge of the electrified body. According to the prin- 
ciples of induction (70 et seq?^ the positively electrified prime conductor 
induces an opposite state in any conducting substance approaching it, 
and when this state has amounted to one of sufficient tension, the 
negative Electricity rushes tow^ards the positive of the prime conductor, 
constituting the neutral combination. It is this neutralization, or 
discharge of the electric state of the conductor, which constitutes the 
electric, spark ; and it is the same with the sparks from an excited 
glass tube, and from the cover of an Electrophorua (7 6) : all cases of 
discharge must bo preceded by induction (82). In order to obtain 
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long sparks from the prime conductor the operator must commence bj 
taking short ones, and gradually lengthen them to their maximum. 
Long sparks in the open air are always crooked ; this arises from the 
condensation of the air immediately before the spark in consequence of 
the immense velocity with which it moves ; a resistance is thereby set 
up in the line in which it was moving, so that it changes its course, 
again condenses the air, and is again turned aside ; and this alternate 
deflection produces a zig-zag appearance. Short sparks are either 
quite straight or slightly curved, sometimes broken and irregular. In 
Fig. 43. condensed air the light is white and brilliant ; in 
rarefied air divided and faint, and in highly rarefied 
air purplish. For these experiments the simple appa- 
ratus shown in Fig. 43 may be employed, consisting of 
a glass globe about four inches in diameter, provided 
at each end with a brass cap to one of which a stop- 
cock is screwed with a wire and ball projecting into the 
globe, and through t^ie other a similar wire slides 
through a collar of leather, so that the balls may be 
set at any required distance from each other in the 
globe. The apparatus may be exhausted of air by the 
air-pump ; or the air may be condensed in it by a 
condensing syringe. The effect of dilfcrent gases 
may likewise be studied with this apparatus. 

Esp. 2. Continue to turn the cylinder or plate, keeping tlie knuckle 
steadily held towards the prime conductor. The sparks w'ill decrease 
in brilliancy, intensity, and frequency, and after some time no more 
will be obtained. Now establish a good metallic communication 
between the rubber and the earth, and the sparks will be obtained 
uninterruptedly, and undimiiiished in intensity. 

Ex. 3. Femove the conductor from its position in front of the glass, 
and having darkened the room, revolve the cylinder or plate ; a series 
of bright sparks will be observed to pass round the surface of the glass, 
exhibiting a very beautiful appearance. Let an assistant next take a 
needle in his hand, and approach its point towards, but at a considerable 
distance from, the revolving glass. While at the distance of several 
feet, it will be seen to be tipped with luminous matter, illustrating in a 
simple manner the striking influence of points, and their use on the 
prime conductor. 

Ex, 4. Femove the ball from the end of the conductor disclosing 
a rounded blunt wire ; put the conductor in its place, and turning 
the machine briskly, attempt to draw sparks from the body of the 
conductor with the knuckle, you will find that you will obtain very 
feeble and powerless ones, but you will perceive a beautiful luminous 
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appearance proceeding from the end of the wire, and 
on holding the hand near it, a sensation like that pro- 
duced by a gentle stream of wind will be experienced. 

Notice attentively the appearance of the luminous 
matter at the points at the two opposite ends of the 
conductor: that on the points immediately opposed 
to the revolving glass will resemble small stars, and 
that on the wire at the end of the conductor will 
resemble a brush or pencil. The appearance of each , 
will be found to be not unlike Fig. 44. The same lumi- 
nous appearances will be perceived if a pointed wire 
be held at a short distance from the conductor and 
rubber, both being insulated, the brush or •pencil 
appearing on the wire held towards the rubber, and 
the star on the wire presented towards the conductor. We shall 
return to the consideration of this electric light presently. 

Ex. 5. Connect the rubber and conductor together by a wire : on 
revolving the glass, no signs of Electricity will be obtained from either : 
but if the machine be extremely energetic, the wire will appear surrounded 
with a lambent flame, otherwise the electric fluids will traverse, and the 
discharge take place invisibly along the wire. But if the conductor be 
interrupted, vivid sparks will appear at each rupture of continuity, 
arising from inductive action, and consequently discharge taking place 
at every one of these spots. 

Ex. 6. The last experiment proves that the charges on the conductor 
and rubber are exactly equal : that they are in opposite electrical states 
may be proved by suspending from each some light substances, as feathers 
or pitli-balls, which will strongly attract each other when the machine is 
put ill action. 

Ex. 7. Place several strips of paper upon the end 6f a long rod in 
connexion with the prime conductor, in the centre of a large apartment, 
they will open out equally, like radii from the centre of a sphere ; but 
on approximating a conducting body to them in their Fig. 45. 
charged state, they will incline tow^ards it from the concen- 
tration of the force upon its nearer surface. 

This is illustrated by the ridiculous figure of a 
head of hair, Fig. 45, and is a common electrical ex- 
periment. When electrified, the hair stands on end; 
and each fibre, as if in a state of repulsion from its 
neighbour, is attracted by, and radiates towards, the 
point which is nearest to it in the oppositely induced 
state. 

Ex. 8. Paste some strips of tin-foil on a plate of glass having 

a 
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portions cut out, so that the space represents letters, as shown in 
Fig. 46. ; or draw a serpentine line 

" , ^ ' , 7 ".^ ’ l O glass with tarnish, and place 

r» on it metallic spangles about one- 

yI m HH. B. ^ tenth of an inch apart ; or stick 

the spangles in a spiral direction on 
a glass tube : in each case lines of 
fire, occasioned by sparks passing 
apparently at the same moment 
through all the spaces, will be 
Fig. 47 . observed on connecting the first piece of foil with 
. the conductor, and the last with the ground. Fig. 47 
represents a little apparatus invented by Mr. Barker 
for exhibiting the revolution of a spotted tube. It 
^ is made of a glass tube, blown smooth and round at 

i ’ one end, and open at the other: it should be about 

' , ten* inches long, and three quarters of an inch in 

' ’ diameter. A ball or a piece of smooth tin -foil is 

‘ > fixed at the upper closed end, and the usual spots of 

' tin-foil carried in a spiral form to the lower open end. 

, A cap, either of wood or brass, is cemented on the 

■ outside of the lower end of the tube, and a strip of 

foil placed round it. From this ring four wires 
project outwards, having their points bent at right 
angles. The tube is then set on an upright wire 
which passes upwards into the tube to its top, and 
this wire is then set on an insulated stand, and 
brought near the prime conductor. It can thus 
^ revolve with great ease. 

Ux, 9. Provide stool with glass legs, Fig. 48, and having wiped 
it clean and dry, let a person stand upon it, holding in his hand a 
chain or wire communicating with the prime 
_ conductor : on setting the machine in action, 

j j sparks of fire may be drawn from any part of 

his person ; he becomes, indeed, for the time, 
a part of the conductor, and is strongly 
’ electrified, although without feeling any 

alteration in himself. If he hold in his hand a silver spoon containing 
some warm spirits of wine, another person may set it on fire by touch- 
ing it quickly with his finger. 

JSx. 10. By employing the little arrangement shown in Fig. 49, cold 
spirits of wine may be fired. Place it so that the ball a can receive 
sparks from the prime conductor : pour spirits of wine into the cup e, 


Fig. 48. 
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till the bottom is just covered : place the cup Fig. 49. 

under the wire d, then turn the machine, and 
the sparks that are received by a will fly from 
the wire through the spirits to the cup, and 
generally set it on fire. 

JEx, 11. The phenomena of attraction and 
repulsion are well illustrated by the apparatus 
known as the electric bells, Fig. 50. They are 
to be suspended from the prime conductor by 
means of the hook : the two outer bells are 
suspended by brass chains, while the central, 
with the two clappers, hang from silken strings : 
the middle bell is connected with the earth by a 
wire or chain : on turning the cylinder, the two 
outside bells become positively electrified, and 
by induction the central one becomes negative, 
a luminous discharge taking place between 
them, if the Electricity be in too high a state of 
tension. But if the cylinder be slowly revolved, 
the little brass clappers will become alternately 
attracted and repelled by the outermost and 
inner bells, producing a constant ringing as long 
as the machine is worked. 

Fig. 51 shows an admirable contrivance for illustrating electrical 
attraction and repulsion. Three or four glojss balls, made as light as 

Fig. 51. 



possible, are supported on an insulated glass plate, on the under part of 
which strips of tin-foil are so pasted as to form a broad circle or border 
near .the margin, and four radii to that circle ; on the upper part of tlie 
plate is a flat brass ring supported on small glass piUars, so as to have 
its inner edge immediately over the exterior edge of the tin-foil. * The 
brass ring being in communication with the prime conductor and the 

G 2 
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tin-foil with the rubbers of the machine, the ring and foil will be oppo- 
sitely electrified. The glass balls being attracted by the ring, become 
positively electrified in the part which comes in contact with it. Thus 
electrified, they will be attracted by the foil, and communicating the 
charge, return to the ring to undergo another change. Different parts 
undergo in succession these changes, and the various evolutions of the 
balls are very striking’ and curious. 

Fig. 52 . JEo!. 12. The current of air which accompa- 

^ ® discharge of Electricity from points is 

pleasingly shown by a variety of toys. Eig. 
J 52 exhibits a little arrangement usually called 
the electrical planetarium. It is connected 
with the prime conductor by means of a chain, 
and when the machine is set in action the 
currents of air discharged from points inserted 
at a and h re-act on the wires of the appa- 
ratus, and it begins to move, gradually acquiring a very rapid horizontal 
motion, c h round the point «, and a d round the point e. 

Fig. 63 . Fig. 53 represents a model of a 

iCT— water-mill for grinding corn. A is 
'""r wheel, B the cog-wheel on its axis, 

^ trundle, D the running mill- 
stone on the top of the axis of the 

/ \\B« trundle. To set it in motion place it 

Y mf near the prime conductor, in vrhich is 
n i ^ crooked wire terminating in 

SI a sharp point. Let this point be di- 

LwM V / r uppermost side of the 

wheel A. On putting the machine in 
motion, the current of air attending 
Electricity which issues from the 

dl P<>int will turn the wheel, and, conse- 

quently, all the other working parts of 
the mill. 

^ phial with oil, pass 
^ through the cork a copper wire bent 

ear its lower end at right angles, so that its point may press against 
the inside of the glass, and suspend it by the upper end of the wire 
from the prime conductor. From the machine the point of the wire in 
the phial will assume a high state of positive electric tension: bring 
towards it a brass knob, or the knuckle; induction, and consequent 
discharge, will take place through the sides of the glass, which will 
become perforated by a round hole. 
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JEJr. 14. By the following beautiful experinient, the resistance to 
induction and discharge offered by a dielectric medium, such as atmo- 
spheric air, is shown. A glass tube A, Fig. 54, two feet in length, is 
furnished at either end with a brass ball projecting into its interior, and 
carefully exhausted of its air by means of a good air-pump: on con- 
necting the end B with the prime conductor, and the end B’ with the 

Fig. 54. 


earth, when the machine is turned, B becomes positive, £(pd induces 
a contrary state on the ball B’, induction taking place with facility 
in consequence of the atmospheric air being removed (or rather highly 
rarefied), and is followed by a discharge of the two Electricities in the 
form of a beautiful blue light, filling the whole tube, and closely re- 
sembling the aurora borealis. 

Ex. 15. Attraction and repulsion are amusingly Fig. 55. 

shown by suspending a brass plate, Fig. 55, from 
the prime conductor, and setting under it a sliding 
stand, on which is laid a little bran or sand, or little 
figures made of pith: on turning the machine the 
bran or sand is attracted and repelled by the upper 
plate with such rapidity that the motion is almost 
imperceptible, and appears like a white cloud between 
the plates, and the little figures appear to be animated, 
dance, and exhibit very singular motions, dependeht 
on inductive action. 

Ex. 16. Fig. 56 represents a small pail with a spout near 
the bottom, in which is a hole just large enough to let the 
water out by drops ; it is to be filled with water and made 
fast to the prime conductor : on turning the machine, the 
water which before descended from the spout in small drops 
only, will fly from it in a stream, which in the dark appears 
like a stream of fire ; or a sponge saturated with water may 
be suspended from the prime conductor, when the same 
phenomenon will be observed, which’ is referable to the 
mutual repulsive property of similarly electrified particles. 

Ex, 17. Let the tumbler A, Fig. 57, be wiped thoroughly dry, warmed? 
and the inside charged by holding it in such a direction that a wire pro- 
ceeding from the prime conductor of a machine in action shall touch it 
successively in nearly every part ; then invert it over a number of pith- 
balls ; they will be attracted and repelled backwards and forwards, and 
effect the discharge of the Electricity which induces from the interior 


Fig. 56. 
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Fig. 57. towards the plate. They will then remain at rest ; 

f but if the Electricity which has been disengaged on the 
outside towards surrounding objects be removed by a 
touch of the hand, a fresh portion will be set free on 
1 the interior, and the attraction and repulsion of the 
^ balls will again take place, and thus for many times 
^ successively the action will be renewed until the glass 
etums to its natural state. 

JSoi. 18. Fig. 58 is another amusing philosophical 
toy. It is called the electrical swing, and acts, as 
^ will be immediately perceived, upon the principle of 
attraction and repulsion. The insulated brass 
** ' ball A is connected with the prime conductor, 

N V while the opposite ball B communicates with 

\ the earth. The light figure represented as 

\ Y sitting on a silken cord is first drawn towards 

\ \ A, where it receives a charge which it dis- 

\ \ charges on B, and thus is kept swinging 

between the two balls. 

• represents two hollow brass 

& M 0 about three quarters of an inch in di- 

^ B ameter, insulated on separate glass pillars, by 

II which they arc supported at a distance of 

H about two inches from each other ; the upper 

part of each ball is hollowed into a cup, into 
which a small piece of phosphorus is to be 
put, A small candle has its flame situated 
Fig. 59. midw’ay between the balls, one of which is 

connected with the positive, and the other 
negative conductor of a powerful 
• ^ P machine. When the balls are electrified, the 

flame is agitated, and, inclining towards the one 
which is negative^ soon heats it sufficiently to 
set fire to the phosphorus it contains, whilst the 
positive ball remains perfectly cold, and its phosphorus unmelted. On 
reversing the connexions of the balls with the machine, the phosphorus 
in the other ball will now be heated, and will inflame. 

Ex. 20. To a wfire proceeding from the prime conductor, attach a 
piece of sealing-wax ; put the machine in action, no effect will be 
produced on the wax : now soften the end by the flame of a sj)irit 
lamp, and while the machine *i8 in action, present a card to the hot 
wax, and it will be perceived that a considerable quantity of melted wax 
has been blown off from the wire, and, in the form of fine, soft, flexible 


Fig. 59. 
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filaments, has collected on the surface^ of the card, exhibiting a veiy 
curious appearance. This experiment is interesting, as .proving that 
the mechanical condition of bodies has an influence on their relation to 
Electricity. The sealing-wax, when cold, stands high amongst non- 
conductors ; but when the physical condition of its atoms is disturbed 
by heat, it becomes a conductor. 

Ex, 21. With the apparatus shown in Fig. 60 
some exquisitely beautiful electrical experiments 
may be made. The balls in the receiver, which 
may be 12 or 14 inches high and 6 or 7 inches ifi 
diameter, are set opposite to each other at the 
distance of about four or six inches. The receiver is 
accurately exhausted, and then screwed on the 
transfer plate, which is connected by a wire with 
the negative conductor, the upper ball beiug con- 
nected with the positive. On turning the machine 
a current of beautiful light will pass from the 
positive to the negative ball on which it breaks and 
divides into a luminous atmosphere entirely sur- 
rounding the lower ball and stem, and conveying 
in a very striking manner the idea of a fluid run- 
ning over the surface of a resisting solid which it 
cannot enter with facility. No appearance of light 
occurs on the positive ball but the straight lumi- 
nous line that passes from it ; but if it be rendered 
negative, and the lower ball positive, these eftects are reversed. If the 
lower ball and wire be altogether removed, and if the upper wire bo 
made to terminate in a point instead of a ball, then on turning the 
machine and exhausting the air, the small brush of light which 
first makes its appearance on the point gradually enlarges, varying in 
appearance and becoming more diftused as the air becomes more 
rarefied, until at length the whole of the receiver is filleS with a 
beautiful and varying light, producing an effect which is pleasing in the 
highest degree. {Singer.) 

(Ill) Electricity of effluent steam. Under the head of frictional 
Electricity must be included this very, remarkable source of electrical de- 
velopment, which in the hands of Messrs. Faraday, Armstrong, Ibbetson, 
and others, has led to the construction of electrical machines compared 
to which even the most powerful glass machines hitherto constructed are 
but as pigmies. 

The first account we have of an observation on the Electricity of a 
jet of steam while issuing from a boiler is contained in a letter addressed 


Fig. 60. 
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to Professor Paraday, by H. 8. Armstrong, Esq. {Phil. Mag. vol. 
xvii.) 

It appears that the phenomenon was first noticed by the engine-man 
entrusted with the care of a steam engine at Sedgehill, about six miles 
from Newcastle : it happened that the cement, by which the safety-valve 
was secured to the boiler had a crack in it, and through this fissure a 
copious horizontal jet of steam continually issued. Soon after this took 
place, the engine-man having one of his hands accidentally immersed in 
the issuing steam, presented the other to the lever of the valve, with the 
view of adjusting tht weight, when he was greatly surprised by the ap- 
pearance of a brilliant spark, which passed between the lever and his hand, 
and was accompanied by a violent wrench in his arms, wholly unlike 
what he had ever experienced before. The same efiect was repeated 
when he attempted to touch any part of the boiler, or any iron work con- 
nected with it, provided his other band was exposed to the steam. He 
next found that while he held one hand in the jet of steam, he communi- 
cated a shock to every person whom he touched with the other, whether 
such person was in contact with the boiler, or merely standing on 
the brickwork which supported it; but that a person touching the 
boiler, received a much stronger shock than one who merely stood on 
the bricks. 

(112) In following up these experiments, Mr. Armstrong provided 

himself with a brass plate having a copper wire attached to it, which 
terminated in a round brass knob. *W hen this plate was held in the 
steam, by means of an insulated handle, and the brass knob brought 
within about a quarter of an inch from the boiler, the number of sparks 
which passed in a minute was from sixty to seventy, and when the knob 
was advanced about one-sixteenth of an inch nearer to the boiler the 
stream of Electricity became quite continuous. The greatest distance 
between the knob and the boiler, at which a spark would pass from one 
to the other, was fully an inch. A Florence flask, coated with brass 
filings on both surfaces, was charged to such a degree with the sparks 
from the knob, as to cause a spontaneous discharge through the glass, — 
and several robust men received a severe shock from a small licyden jar 
charged by the same process. The strength of the sparks was quite as 
great when the knob was presented to any conductor communicating 
with the ground, as when it was held to the boiler. ^ 

(113) A long and well-conducted series of experiments was made by 
Mr. Armstrong, on the Electricity evolved under these peculiar circum- 
stances.* By standing on an insulated stool, and holding with one 

♦ See L. and E. Phil. Mag. vol. xvii. pp. 370, 452; vol. xviii. pp. 60, 133, 328 ; 
vol. xix. p. 25 ; vol. xx. p. 5 ; vol. xxii. p. 1. See also papers on the same subject by 
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hand a light iron rod immediately above the safety-valve of a locomotive 
engine, while the steam was freely escaping, and then advancing the 
other hand towards any conducting body, he obtained sparks of an inch 
in length ; when the rod was held five or six feet above the valve, the 
length of the sparks was two inches ; and when a bunch of pointed 
wires, attached to the rod, was held points downwards in the issuing 
steam, sparks four inches long were drawn from a ro^pd knob, on the 
opposite extremity of the iron rod. On insulating the boiler, large and 
brilliant negative sparks an inch long were drawn from it* — the Elec- 
tricity of the steam being positive. * 

(114) A small boiler was constructed by Mr. Armstrong — ^it was 
arranged on a stove which was insulated ; when the rate of evaporation 
was about a gallon in an hour, and the pressure in the boiler 100 lbs. 
on the square inch, by connecting the knob of a Leyden phial with the 
boiler or stove, he was able to give it a charge, and he found that Elec- 
tricity could be collected in much greater abundance from the evapo- 
rating vessel than from the issuing steam. The Electricity of the steam 
was generally positive, that of the insulated boiler being negative ; occa- 
sionally, however, these conditions were reversed, and after the boiler 
had been in use for some time, positive Electricity rarely appeared in the 
jet, even when circumstances were most favourable to its development. 
No alteration was eftected by washing out the boiler with water, but 
when it was washed with solution of 'potash or soda, the positive condition 
of the steam jet was restored, and by dissolving a little potash in the 
water from which the steam was generated, the quantity of Electricity 
was amazingly increased ; on the other hand, when a small quantity of 
nitric acid, or nitrate of copper, was added to the water, the Electricity 
of the steam became negative. 

(115) Subsequent experiments led Mr. Armstrong to the conclusion 
that the excitation of Electricity takes place at the point where the 
steam is subjected to friction ; and, in a paper subsequently read before 
the Eoyal Society by Professor Faraday, it was shown that the steam 
itself has nothing to do with the phenomenon. By means of a suitable 
apparatus, Faraday found that Electricity is never excited by the passage 
of pure steam, and is manifested only when water is at the same time 
present ; and hence he concludes that it is altogether the efiect of the 
friction of globules of water against the sides of the opening, or against 
the substances opposed to its passage, as the water is rapidly moved 
onwards by the current of steam. Accordingly, it was found to be 
increased in quantity by increasing the pressure and impelling force of 


Mr. Pattinson, vol. xvu. pp. 376, 467; and by Dr. Schafhaeutl, vol. xvii. p. 449; vol. 
xviii. pp. 14, 96, 266. 
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the steam. The immediate effed; of this friction was, in all cases, to 
render the steam or water positive, and the solids, of whatever nature 
they might be, negative. In certain circumstances, however, as when a 
wire is placed in the current of steam, at some distance from the orifice 
whence it has issued, the solid exhibits the positive Electricity already 
acquired by the steam, and of which it is then merely the recipient and 
the conductor. Jn like manner the results may be greatly modified by 
the shape, the nature, and the temperature of the passage through which 
the steam is forced. Heat, by preventing the condensation of the steam 
into water, likewise prevents the evolution of Electricity, which again 
speedily appears by cooling the passages, so as to restore the water which 
is necessary for the production of that effect. The phenomena of the 
evolution of Electricity, in these circumstances, are dependent also on 
the quality of the fluid in motion, more especially in relation to its con- 
ducting power. Water will not excite Electricity unless it be pure : 
the addition of any soluble salt or acid, even in minute quantity, is 
sufficient to destroy this property. The addition of oil of turpentine, 
on the other hand, occasions the development of Electricity of an 
opposite kind to that which is excited by water ; and this Earaday 
explains, by the particles and minute globules of the water having each 
received a coating of oil, in the form of a thin film, so that the friction 
takes place only between that external film and the solids, along the 
surface of which the globules are carried. A similar but more permanent 
effect is produced by the presence of olive oil, w hich is not, like oil of 
turpentine, subject to rapid dissipation. Similar results were obtained 
when a stream of compressed air was substituted for steam in these ex- 
periments. When moisture was present, the solid exhibited negative, 
and the stream of air positive Electricity ; but when the air was perfectly 
dry, no Electricity of any kind was apparent. 

(116) Mr. Armstrong subsequently {FML Mag. vol. xxii. p. 1) 
confirmed the conclusion, that the excitation of Electricity takes place 
at the point where the steam is subjected to friction, and described 
several improvements in his apparatus by which the energy of the eflects 
was amazingly increased. By means of a boiler furnished with a stop 
cock and discharging jet of peculiar construction, he produced eflects 
upwards of seven times greater than those from a plate electrical machine 
of three feet in diameter, worked at the rate of seventy revolutions per 
minute. This boiler was a wrought iron cylinder, with rounded ends, 
and measured three feet six inches in length, and one foot six inches in 
diameter. It rested on an iron frame, containing the fire, and the ^hole 
apparatus was supported on glass legs to insulate it. It was found much 
more convenient and effectual to collect Electricity from the boiler than 
from the steam cloud, but, in order to obtain the highest efiect from the 
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boiler, the Electricity of the steam must be carried to the earth by means 
of proper conductors. 

(117) In Mr. Pattinson’s experiments on one of the locomotive 
engines belonging to the Nevsrcastle and Carlisle Eailway, sparks four 
inches long were given off from the person of an individual standing on 
an insulating stool, and holding a copper rod, terminated by sharp- 
pointed wires, in the current of steam, blowing forcibly out of the 
safety-valve at a pressure of 52 lbs. per inch. The Electricity was 
ascertained to be positive. It is certainly, a.s Mr. Pattinson observes, a 
novel and curious )ight in which to view the splendid locomotive engine 
in its rapid passage along the railway line, viz., that of an enormous 
electrical machine, — the steam analogous to the glass plate of an ordi- 
nary machine, and the boiler to the rubber; while torrents of Electricity 
might continually be collected, by properly disposing conductors in the 
escaping steam. 

(118) Shortly after’ these experiments were made the directors of 
the Polytechnic Institution determined on constructing a machine on a 
large scale for the purpose of producing Electricity by the escape of 
steam, and under the superintendence of Mr. Armstrong, assisted by 
Captain Ibbetson, the “ Hydro-Electric Machine ” was finished and 
placed in the theatre of the institution, where by its extraordinary 
power it soon excited the astonishment of all who beheld, it. The 
machine consists of a cylindrical-shaped boiler, similar in form 
to a steam-engine boiler, constructed of iron plate i inch thick; its 
extreme length is 7 feet 6 inches, 1 foot of which being occupied by 
the smoke chamber, makes the actual length of the boiler only 6 feet 
6 inches ; its diameter is 3 feet 6 inches. The furnace and ash-hole 
are both within the boiler ; when it is required entirely to exclude 
the light a metal screen is readily placed over these; by the side 
of the door is the water-gauge and feed-valve. On the top of the 
boiler, and running nearly its entire length, are forty-six bent iron 
tubes, terminating in jets having peculiar shaped apertures, and formed 
of partridge wood, which experience has shown Mr. Armstrong to be 
the bcst*for the purpose ; from these the steam issues — the tubes spring 
from one common pipe, which is divided in the middle and communi- 
cates vdth the boiler by two elbows; by this contrivance the steam 
is admitted either to the whole or part of the tubes, the steam being shut 
off or admitted bj'' raising or lowering the two lever handles placed 
in the front of the boiler. Between the two elbows is placed the safety- 
valve for regulating the pressure, and outside them on one side is a cap 
covering a jet employed for illustrating a certain mechanical action of a 
jet of steam, and on the other a loaded valve for liberating the steam 
when approaching its maximum degree of pressure. At the further 
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extremity of the boiler is the funnel-pipe or chimney, so contrived 
that, by the aid of pulleys and a balance weight, the upper part can be 
raised and made to slide into itself (similar to a telescope), so as to 
leave the boiler entirely insulated. To prevent as much as possible the 
radiation of heat, the boiler is cased in wood, and the whole is supported 
on six stout glass legs 3^ inches diameter, and 3 feet long. In 
front of the jets, and covering the flue for conveying away the steam, is 
placed a long zinc box, in which are fixed four rows of metallic points 
for the purpose of collecting the Electricity from the ejected vapour, 
and thus prevent its returning to restore the equilibrium of the boiler 
the box is so contrived that it can be drawn out or in, so as to bring 
the points nearer or further from the jets of steam ; the mouth or 
opening can also be rendered wider or narrower : by these contrivances 
the power and intensity of the spark is greatly modified. A ball 
and socket-joint, J^rnished with a long conducting rod, has been 
added to the machine, so that by its ai(f the Electricity can 
be readily conveyed to the different pieces of apparatus used to 
exhibit various phenomena. The pressure at which the machine 
is usually worked is 60 lbs. on the square inch. As it is now fully 
established that the Electricity of the hydro-electric machine is 
occasioned by the friction of the particles of water (115), the latter 
may be regarded as the glass plate of the common electrical machine, 
the partridge wood as the rubber, and the steam as tlie rubbing power. 
The Electricity produced by this engine is not so remarkable for its 
high intensity as for its enormous quantity. The maximum spark 
obtained by Mr. Armstrong in the open air was 22 inches ; the extreme 
length under present circumstances has been 12 or 14 inches ; but the 
large battery belonging to the Polytechnic Institution, exposing nearly 
80 feet of coated glass which, under favourable circumstances, was 
charged by the large plate machine 7 feet in diameter in about 50 
seconds, is commonly charged by the hydro-electric engine in 6 or 8 
seconds. The sparks which pass between the boiler and a conductor 
are exceedingly dense in appearance ; and, especially when shbrt, more 
resemble the discharge from a coated surface than from a prime con- 
ductor. They not only ignite gunpowder, but even inflame paper and 
wood shavings when placed in their course between two points. 

In the 151st number of the Philosophical Magazine^ a series of 
electrolytic experiments made with this machine are described by Mr. 
Armstrong; true polar decomposition of water was effected in the 
clearest and most decisive manner, not only in one tube, but in ten 
different vessels arranged in series, and filled respectively with dis- 
tilled water, water acidified with sulphuric acid, solution of sulphate 
of soda, tinged blue and red, solution of sulphate of magnesia, &c.„ 
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&c.f and the gases were obtained in sufficient quantities for examina- 
tion. • 

The following curious experiments are likewise described : — ^two glass 
vessels containing pure water were connected together by means of wet 
cotton ; on causing the electric current to pass through the glasses, the 
water rose above its original level in the vessel containing the negative 
pole, and subsided below it in that which contained the positive pole, 
indicating the transmission of water in the direction of a current 
flowing from the positive to the negative wire. ^ 

* Two wine glasses were then filled nearly to the edge with distOled 
water, and placed about 4-lOths of an inch from each other, being 
connected together by a wet silk thread of sufficient length to allow a 
portion of it to be coiled up in each glass. The negative wire, or that 
which communicated with the boiler, was inserted in one glass, and the 
positive wire, or that which communicated with th^^ound, was placed 
in the other. The machine being then put in action, the following 
singular effects presented themselves : — 

Ist, — A slender column of water, inclosing the silk thread in its 
centre, was instantly formed between the two* glasses, and the silk 
thread began to move from the negative towards the positive pole, and 
was quickly all drawn over and deposited in the positive glass. 

2nd, — The column of water after this continued for a few seconds 
suspended between the glasses as before, but without the support of 
the thread ; and when it broke the Electricity passed in sparks. 

3rd, — When one end of the silk thread was made fast in the 
negative glass the water diminished in the positive glass and increased 
in the negative one, showing apparently that the motion of the thread, 
when free to move, was in the reverse direction of the current of water. 

4th, — By scattering some particles of dust upon the surface of the 
water, it was soon perceived by their motions that there were two 
opposite currents passing between the glasses, which, judging from the 
action upon the silk thread in the centre of the column, as w'ell as from 
other less striking indications, were concluded to be concentric, the 
inner one flowing from negative to positive, and the outer one from 
positive to negative. Sometimes that which was assumed to be the 
outer current was not carried over into the negative glass, but trickled 
down outside of the positive one ; and then the water, instead of 
accumulating as before in the negative glass, diminished both in it, and 
in the positive glass. 

5th, — After many unsuccessful attempts Mr. Armstrong succeeded in 
causing the water to pass between the glasses, without the intervention 
of a thread for a period of several minutes, at the end of which time he 
could not perceive that any material variation had taken place in the 
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quantity of water contained in either glass. It appeared therefore, that 
the two currents were nearly, if not exactly equal, while the inner one 
was not retarded by the friction of the thread. Mr. Armstrong like- 
wise succeeded in coating a small silver coin with copper ; in deflecting 
the needle of a galvanometer, between 20® and 30® ; and in making an 
electro-magnet by means of the Electricity from this novel machine. 

(119) Extraordinary as is the power of the Polytechnic machine, it 
was afterwards entirely eclipsed by a similar apparatus constructed at 
Newcastle under the direction of Mr. Armstrong, and sent out to the 
United States of America. In the arrangement of this machine, the 
boiler of which is not larger than that at the Polytechnic Institution, 
Mr. Armstrong introduced certain improvements suggested by the 
working of the latter, and which had reference to those parts of the 
apparatus more immediately concerned in the production of the Elec- 
tricity, viz., ^ape apertures and the condensing pipes'' It w^as 
found to be a matter of extreme nicety so to adjust the quantity of 
water deposited in the condensing pipes as to obtain the maximum 
excitation of Electricity. If on the one hand there be an excess of 
water, then two results will ensue, each tending to lessen tlie Elec- 
tricity produced. 1°. The mean density of the issuing current of 
steam and water is increased, which causes the velocity of efflux and 
consequent energy of the friction to be diminished; and 2°. The 
ejected steam cloud is rendered so good a conductor by the excess of 
moisture that a large proportion of the Electricity manifested in the 
cloud retrocedes to the boiler, and neutralizes a corresponding propor- 
tion of the opposite element. On the other hand, if the quantity of 
water be too small, then, although each particle of water may be excited 
to the fullest extent, the effect is rendered deficient in consequence of 
the insuflBcient number of aqueous particles which undergo excitation. 
In the Polytechnic arrangement the condensation of the steam in the 
tubes is effected by contact of the external air, and when the density 
of the steam in the boiler is diminished rapidly they do not cool down 
wfith sufficient rapidity to condense the requisite quantity of water. To 
remedy this defect in the American machine, Mr. Armstrong adopted a 
method of condensing by the application of cold water : a number of 
cotton threads were suspended from each condensing pipe into a trough 
of water from which by capillary attraction just as much water was lifted 
as was required for the cooling of the pipe, since it was easy by increas- 
ing or diminishing the quantity of cotton to increase or diminish the 
supply of cold water ; and this method of keeping down the tempe- 
rature proved so effective that two, or three times the number of jets 
that were before used could now be employed. The number in the 
American machine was 140, ranged in two horizontal rows, one above 
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the other, on the same side of the ’machine. The sparks obtained, 
though not loDger than those upon the London machine when it stood 
in the open air, succeeded each other vnth three or four times the 
rapidity, and even under unfavourable circumstances charged a Leyden 
battery consisting of thirty-six jars, containing thirty-three feet of 
coated surface, to the utmost degree that ^the battery would bear, 
upwards of sixty times in a minute, being equivalent to charging nearly 
2000 feet of coated surface in one minute, which^is at least twenty times 
greater than the utmost effect that could be obtained from the largest 
glass electrical machine ever constructed. 

(120) The action of the hydro-electric machine is greatly influenced 
by the nature of the water from vrhich the steam is generated, which 
should be as pure as possible in order that no impurities should pass 
from the boiler to the steam passages. It is indeed perfectly surprising 
how extremely small an admixture of some substance^has the effect of re- 
versing the electrical state of the boiler and steam cloud. When a piece of 
cotton was steeped in a solution of acetate of lead, and inserted in the con- 
densing pipe, Mr. Armstrong found that the Electricity of the steam, 
which in general was positive, was changed to negative. Again, when the 
con ducting pipe is of brass instead of iron the steam cloud is positively elec- 
trified the same as in ordinary cases ; but if the pipe previously to being 
used has been immersed in very dilute nitric acid, then negative Electricity 
instead of positive will be evolved by the steam cloud, notwithstanding 
that the pipe may have been washed with clean water subsequently to 
its immersion in the acid, nor does the pipe re-gain the condition necessary 
for the production of a powerful development of positive Electricity in 
the steam, till it has been thoroughly washed out with an alkaline 
solution. Mr. Armstrong found also that the effects were singularly 
influenced by the material of which the condensing pipe is formed ; 
thus, glass, lead, tin, copper, and iron, are each eflective in a difterent 
degree, the variation, as he believes, being in all these cases due to minute 
quantities of extraneous matter acquired by the condensed water acting 
chemically or mechanically upon the material of the pipes. 

(121) Messrs. Watson and Lambert of Newcastle, who built both the 
Polytechnic and the American machines, construct “hydro-electric 
machines ” of all sizes ; they are mounted on carriages so as to be readily 
moved about, and they constitute very elegant pieces of electrical appa- 
ratus. One of these machines is shown in Fig. 61. The boiler is 
2 feet 6 inches in length, and 1 foot 2 inches in diameter A is the 
door of the fire-place; B C, the conductor for collecting Electricily 
from the steam ; B, a glass insulating stem ; C, the collecting points ; 
D, the escape tubes and jets ; E, the condensing vessel enclosing the 
iron pipes by which the steam is conveyed to the jets. The lower part 
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T’ig. 61. 



of the condensing vessel contains water which nearly reaches the lower 
side of the steam pipes ; from the latter are suspended filaments of 
cotton, which dip into the water, and by capillary action raise just 
sufficient to cause, by its action on the pipes, a condensation of the 
passing steam into the requisite quantity of water for rubbing against 
the jet. F G- is the cock for letting off the steam ; H, the chimney ; 1 1, 
the insulating glass pillars ; K K, the frame moving on castors ; a a, 
the water gauge ;fe, condensing pipes for showing the efiect of impreg- 
nating the ejected water with extraneous substances, and for exhibiting 
two jets of steam simultaneously issuing from the boiler in opposite 
states of Electricity ; 5, the cock for introducing extraneous matter ; 
c df cocks/or admitting steam to the pipes ; the safety-valve ; h, the 
escape pipe for the vapour of the condensing tube. The fuel is charcoal. 
When in good working order a machine of the above size will produce, 
according to the makers, as much Electricity as three SO-inch plate 
glass machines. 
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Mr. "Walker {Elect, Mag, vol. i. p. 126) describes certain experi- 
ments jrhicb were made in order to contrast the effects of the great 
Polytechnic hydro-electric and glass electric machines, the plate of 
the latter being seven feet in diameter. On placing the large battery 
on an insulating stool between the prime conductor and the boiler, 
and connecting the inner coating with the former, and the outer with 
the latter, he several times failed in communicating a charge : on 
reversing connexions it was accomplished more readily, though in 
far longer time than would have been required ]jy the boiler alone. 
Again, when the aurora obtained by passing the Electricity from the 
j)rime conductor through an exhausted tube 4 or 5 feet in length, 
was contrasted with that produced from the Electricity of the boiler 
passing through the same tube, the latter was, by many degrees, 
more brilliant; but when the boiler was connected with one end 
of the tube, as it stood on an insulating stool, and the j)rime con- 
ductor with the other, the brilliancy greatly diminished. It was at 
first tliought that if the earth in its normal condition could supply to 
the boiler Electricity equivalent to the production of a certain effect 
in a certain time, the prime conductor in its positively charged state 
would produce a greater effect. The actual diminution of effect was, 
however, on consideration connected with known laws, for, as the 
maximum supply of positive Electricity which the conductor could 
furnish was at most not a fourth of that required by the negative 
boiler, and as the supply from the earth unlimited, the whole 
. equilibrium was restored in the one case and only a portion of it in 
the other. 

(122) Peltier {L^ Institut, Aug. 7, 1844) does not adopt the theory 
that friction is the cause of the wonderful development of Electricitj 
in the hydro-electric machine ; he refers it to chemical decomposition 
. Every chemical action produces an electrical phenomenon, and every, 
solution however diluted it might be, being a chemical combination, it 
follows' that in the act of evaporation above a solution, the combined 
element, by separating, produces the converse chemical action, that 
of decomposition, and hence an electrical phenomenon with signs con- 
trary to the act of combination. The reason why electrical phenomena 
are not manifested during slow evaporation, or even during the boiling 
of water under simple atmospheric pressure, is, according to Peltier, 
that the vapour is not separated with sufficient suddenness from the 
rest of the liquid, to carry away and retain the Electricity of the 
chemical action of its separation, the neutralization by return being 
made with too much facility in the moist atmosphere touching the 
surface of the liquid. A boiler is but another means of obtaining 
vapour at high tension, as it suddenly separates from the liquid ; but 
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the form which we are obliged to give it is very much opposed to 
the free liberation of the Electricity, so that we obtain comparatively 
very small quantities of what is really produced. The quantities 
depend not only on the internal pressure, but also on the jets, which 
oppose or facilitate the neutralization by return. Hence it is, that 
powerful locomotives have been seen to present but feeble elec- 
trical results, while a small boiler may give them on a considerable 
scale ; when a saline solution is projected into a red-hot platina 
capsule, it ’ becomqs insulated from the vessel, and its evaporation 
goes on slowly, the temperature of the liquid never reaching the 
boiling point of water. As however, the concentration proceeds,^ 
particles of saline matter become deposited on the sides of the 
vessel, and establish partial contacts between the liquid and tlie 
metal, these particles of liquid are thus suddenly transformed into 
elastic vapour, the tension of which is proportionate to the tempe- 
rature at wliich it has been formed, and it is this vapour alone that 
preserves the Electricity due to its passage from the liquid to the 
gaseous state. The higher the temperature of the capsule, the 
greater the quantity of Electricity preserved: below 230° Eah. Peltier 
obtained no signs of Electricity. When in this experiment pure 
water is substituted for the saline solution, no Electricity is 
obtained, because no contact takes place between the liquid and the 
metal, until the temperature of the latter has descended to about 
280^, the evaporation then goes on too slowly to place an insulating 
space between the vapour and the liquid, and the electric phenome- 
non is completed by returning to a state of neutralization, by means 
of the conductibility of the column of vapour. To obtain Electricity 
from high pressure boilers, the conditions are, Ist, an internal pres- 
sure of several atmospheres ; 2nd, that the vapour shall be accom- 
panied by a projection of water; and Peltier’s view is, that the 
Electricity is not brought out from the boiler by the escaping 
vapour, but that it arises from the vapour of the drops of water that 
are projected at a high temperature, a portion of which is imme- 
diately vaporized. 

(123) Some interesting experiments are related by Peltier in illus- 
tration of his view. By elevating an Electrometer immediately 
underneath the column of vapour, given off by a locomotive engine 
in motion, he found that the electrical signs were more consider- 
able as the rapidity of the train increased, they diminished as the 
velocity diminished, and when the train was near stopping, all signs 
of Electricity disappeared. This he explains by referring the elec- 
trical phenomena to the quick separation of the liquid and vapour at 
the moment of its formation ; when the train was moving quickly 



DISEUPTITE DISOHA-HGE. 


09 


tlie column of vapour was rapidly broken up into particles ; as the 
velocity diminished, the column became more united, and there 
was therefore less electrical development. The more rare the 
globular vapour, the greater the signs of positive Electricity ; the 
Electricity of an opaque column was on the contrary negative : it was 
noticed also, that the condensation of the vapour on the ball of the 
Electroscope suddenly changed the Electricity from positive to 
negative^ and that while the head of the column of vapour was positive 
the tail was negative^ the intermediate portioiis alternating from 
positive to negative according to the velocity of the train, the 
quantity of the prevailing vapours, the rapidity of the evaporation, 
and the state of the sky. 

(124) Disruptive discharge. — We will now inquire a little more 
minutely into the nature of electric discharge, which has been made 
by Faraday tlie subject of close investigation {Experimental Researches^ 
13th and 14th series). The discharge which takes place between two 
conducting surfaces is termed disruptive : it is the limit of the influence 
which the intervening air or dielectric exerts in resisting discharge: all 
the effects prior to it are inductive (82), and it consequently measures 
the conservative power of the dielectric. It occurs not when all the 
particles have attained to a certain degree of tension; but when 
that particle which is most affected has been exalted to the subvert- 
ing or turning point, all must then give way, since they arc linked 
together, as it were, by the influence of the constraining force, and 
the breaking down of one particle must, of necessitv, cause the whole 
barrier to be overturned. In every case, the particles, amongst and 
across which the discharge suddenly breaks, are displaced — the path 
of the spark depending upon the degree of tension acquired by the 
particles in the line of discharge. 

(125) The spark may be considered then, as a discharge, or lower- 
ing of the polarized inductive state of many dielectric particles by a 
■particular action of a few of the particles occupying a very small and 
limited space: all the previously polarized particles returning to 
their first or normal condition in the inverse order in which they left 
it, and uniting their powers meanwhile, to produce, or rather to 
continue, the discharge effect in the place where the subversion of 
force first occurred. 

We have given this explanation in the words employed by 
Faraday, that no misconception of his meaning may arise. He is of 
opuiioil that a peculiar temporary state is assumed by the particles 
situated where discharge occurs ; that they have all the surrounding 
forces thrown upon them in succession, and that they are not merely 
pushed apart ; that the whole terminates by a discharge of the powers 
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by some, as yet, unknown operation, the ultimate effect being exactly 
as if a metallic wire had been put into the place of the discharging 
particles. 

(126) The electric spark presents different appearances when 
taken in different elastic media. In air, they have, when obtained 
with brass balls, a well-known intense light, and bluish colour, with 
frequently faint or dark parts in their course, when the quantity of 
Electricity passing is not great. In nitrogen they are very beautiful, 
having the samp general appearance as in air, but more colour, of a 
purple or bluish character ; and Faraday thought that they were 
remarkably sonorous. In oxygen they are whiter, but not so brilli- 
ant as in common air. In hydrogen they are of a fine crimson colour, 
and have very little sound in consequence of the physical condition 
of the gas. In carbonic acid gas they have the same general appear- 
ance as in air, but are remarkably irregular. Sparks can be obtained 
under similar circumstances, much longer than in air, the gas show^- 
ing a singular readiness to pass the discharge. In muriatic acid gas, 
when dry, they are nearly white, and always bright throughout. In 
eoal gas they are sometimes green and sometimes red, and occasion- 
ally one part is green and another red. Black parts also occur very 
suddenly in the lino of the spark, i. e. they are not connected by any 
dull part with bright portions, but the two seem to join directly one 
with the other. 

It is the impression of Faraday that these varieties of character 
are due to a direct relation of the electric powers to the particles of 
tlie dielectric through which the discharge occurs, and are not the 
mere results of a casual ignition, or a secondary kind of action of the 
Electricity upon the particles which it finds in its course and thrusts 
aside in its passage. It was remarked by M. Fusinieri, that when a 
spark takes place between a surface of silver and another of copper, a 
portion of silver is carried to the copper, and of copper to the silver ; 
and Dr. Priestley observed, that if a metallic chain be laid upon a 
sheet of paper, or a plate of glass, and a strong discharge sent 
through it, spots will be produced upon it of the size and colour of 
each link, parts of which will be found to be fused into the substance 
of the glass. 

(127) The JElectrical Brush, — ^The phenomenon of the electrical 
brush has been shown by Professor Wheatstone to consist of succes- 
sive intermitting discharges, although it appears continuous. If an 
insulated conductor, connected with the positive conductor of an 
electrical machine, have a metallic rod 0*3 of an inch in diameter, 
projecting from it outwards from the machine, and terminated by a 
rounded end or small ball, it will generally give good brushes ; or if 
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the machine be not in good action,’ then many ways of assisting the 
formation ‘of the brush may be resorted to ; thus, the hand, or any 
large conducting surface, may be approached towards the termination 
to increase the inductive force ; or the termination may be smaller, 
and of badly conducting matter, as wood : or spErks may be taken 
between the prime conductor and the secondary conductor, to which 
the termination giving brushes belongs ; or, (which gives to the 
brushes exceedingly fine characters and great magnitude,) the air 
around the termination may be rarefied, more or less, either by heat 
or the air-pump, the former favourable circurfistamces being also 
continued. When obtained by a powerful machine, or a ball about 
0*7 of an inch in diameter at the end of a long brass rod, attached to 
the positive prime conductor, it has the general appearance, as to 
form, represented in Fig. 62. A short conical t^ig. 02 . 
bright part or root appears at the middle part of 
the ball, projecting directly from it, which at a 
little distance from the ball breaks out suddenly 
into a wide brush of pale ramifications, having a 
quivering motion, and being accompanied at the 
same time with a low dull chattering sound. The 
general brush is resolvable into a number of indi- 
vidual brushes, each of which is the result of a 
single discharge — each is instantaneous in its exist- 
ence, and each appeared to Faraday to have the 
conical root complete. The sound is due to the 
recurrence of the noise of each separate discharge, which, happening 
at intervals nearly equal, under ordinary circumstances causes a 
definite note to be heard, which, rising in pitch with the increased 
rapidity and regularity of the intermitting discharges, gives a ready 
and accurate measure of the* intervals, and so may be used in -any 
case when the discharge is heard, even though the appearances may 
not be seen, to determine the element of time. 

(1*28) The brush is, in reality, a discharge between a bad, or a 
non-conductor, and either a conductor or another non-conductor. It 
is explained by Faraday on the principles of induction, which, taking 
place between the end of an electrized rod and the walls of a room, 
across the dielectric air, polarizes the particles of air ; those which 
are nearest to the end of the wire being most polarized, and those 
situated in sections across the lines of inductive force towards the 
walls being least polarized. In consequence of this state, the pai*- 
ticle of air at the end of the wire is at a tension that will immediately 
terminate in discharge, while in those even only a few inches off the 
tension is still beneath that point. When the discharge takes place, 
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the particle of air in the immedilate vicinity of the rod instantane- 
ously resumes its polarized state, the wire itself regaining its electri- 
cal state by induction ; the polarized particle of air exerts a distinct 
inductive act towards the further particles, and thus a progressive 
discharge from particle to particle takes place. The difference 
between the brush discharge and the spark is, that in the former 
discharge begins at the root (127), and extending itself in succession 
to all parts of the single brush, continues to go on at the root and 
the previously-formed parts, until the whole brush is complete ; then, 
by the fall in intensity and power at the conductor, it ceases at once 
in all parts, to be renewed when that power has risen again to a 
sufficient degree; but in the latter, the particles in the line of 
discharge being, from the circumstances, nearly alike in their inten- 
sity of polarization, suffer discharge so nearly at the same moment 
as to make the time quite insensible to us. Mr. Wheatstone found 
that the brush generally had a sensible duration, but he could detect 
no such effect in the spark. 

(129) According to Faraday, the brush may be considered as a 
spark to air ; a diffusion of electric force to matter, not by conduction^ 
but by disruptive discharge ; a dilute spark, which, passing to very 
badly conducting matter, frequently discharges but a small portion 
of the power stored up in the conductor : for as the air charged re- 
acts on the conductor, whilst the conductor, by loss of Electricity, 
sinks in its force, the discharge quickly ceases, until, by the 
dispersion of the charged air, and the renewal of the excited con- 
ditions of the conductor, circumstances have risen up to their first 
effective condition, again to cause discharge, and again to fall and rise. 

(130) By making a small ball positive by a good electrical machine 
with a large prime conductor, and approaching a large uninsulated 
discharging ball towards it, very beautiful variations from the spark 
to the brush may be obtained. In Fig. 62 the general appearance of 
a good brush is exhibited ; but if the hand, a ball, or any knobbed 
conductor be brought near, the extremities of the coruscations turn 
towards it and each other, and the whole assumes various forms, ac- 
cording to circumstances, as shown in Figs. 63, 64, 65. The curvature 
of these ramifications illustrates, in a beautiful manner, the curved 
form of the lines of inductive force existing previous to discharge, in the 
same manner as iron filings strewed on a sheet of paper placed over a 
magnet represent magnetic curves ; and the phenomena are con- 
sidered by Faraday as constituting additional and powerful testimony 
in favour of induction through dielectrics in curved lines (78), and bf 
the lateral relation of these lines by an effect equivalent to a repulsion 
producing divergence, or, as in the cases figured, the bulging form. 
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Fig. 63. 



Fig. 64. 



Fig. 65. 



(131) Discharge in the form of a brush is favoured by rarefaction 
of the air, in the same manner and for the same reason as discharge 
in the form of a spark. It may be obtained not only in air and gases, 
but also in much denser media. Faraday procured it in oil of turpen- 
tine, but it was small, and produced with difficulty. He also found 
that, like the spark, the brush has specific characters in different 
gases, indicating a relation to the particles of these bodies, even in a 
stronger degree than the spark. In nitrogen^ brushes were obtained 
Avith far greater facility than in any other gas ; and when the gas was 
rarefied, they were exceedingly fine in form, light, and colour; in 
oxygen, on the other hand, they were very poor. 

(132) The peculiar characters of nitrogen in relation to the electric 
discharge must, Faraday observes, have an important influence over 
ih^form and even the occurrence of lightning, being that gas which 
most readily produces coruscations, and by them extends discharge to* 
a greater distance than any other gas tried, it is also that which con- 
stitutes four-fifths of our atmosphere ; and as in atmospheric electrical 
phenomena, one, and sometimes both the inductive forces are resident 
on the particles of the air, which, though probably affected as to con- 
ducting power by the aqueous particles in it, cannot be considered as 
a good conductor ; so the peculiar power possessed by nitrogen to 
originate and effect discharge in the form of a brush or of ramifications, 
has probably an important relation to its electrical service in nature, 
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as it most seriously affects the character and condition of the discharge 
when made. 

(133) The characters of the luminous appearances at the ends of 

wires charged positively and negatively are represented in Fig. 44. 
Faraday has paid considerable attention to the difference of discharge 
at the positive and negative conducting surfaces. According to his 
observations, the effect varies exceedingly under different circum- 
stances. It is only with bad conductors, or metallic conductors 
charged intermittingly, or otherwise controlled by collateral induction, 
that the brush* anti star are to be distinctly distinguished : for if 
metallic points project freely into the air, the positive and negative 
lights differ very little in appearance, and the difference can be 
obseived only upon close examination. If a metallic wdre with a 
rounded termination in free air, be used to produce the brushy dis- 
charge, then the brushes obtained when the wire is charged 
negatively arc very poor and small by comparison with those pro- 
duced w’hen the charge is positive : or, if a large metal ball connected 
with the electrical machine be charged and a fine uninsu- 

lated point be gradually brought towards it, a star appears on the 
point when at a considerable distance, which, though it becomes 
brighter, does not change its form of a star until it is close up to the 
ball ; whereas, if the ball be changed negatively, the point at a con*- 
siderable distance has a star on it as before ; but when brought 
nearer, (within about 1 ^ inch,) a brush forms on it, extending to the 
negative ball ; and when still nearer, (at i of an inch distance,) the 
brush ceases, and bright sparks pass. 

(134) The successive discharges from a rounded metallic rod 0*3 
of an inch in diameter, projecting into air when charged negatively, 
are very rapid in their recurrence, being seven or eight times more 
numerous in the same period than those produced when the rod is 
charged positively to an equal degree j but each brush carries oft' far 
less electric force in the former case than in the latter. Faraday 
also perceived a very important variation of the relative forms and 
conditions of the positive and negative brush, by varying the dielec- 
tric in which they were produced. The difference, indeed, was so 
great, as to point out a specific relation of this form of discharge to 
the particular gas in which it takes place, and opposing the idea that 
gases are but obstructions to the discharge, acting one like another, 
and merely in proportion to their pressure. Generally speaking, 
when two similar small conducting surfaces equally placed in air, are 
electrified, one positively and the other negatively, that which is 
negative can discharge to the air at a tension a little lower than that 
required for the positive ball, and when discharge does take place. 
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much more passes at each time from the positive than from the 
negative surface. 

(136) Glow discharge , — When a jRne point is used to produce 
disruptive discharge from a positively charged conductor, the brush 
gives place to a quiet phosphorescent continuous glow, covering the 
whole of the end of the wire, and extending a small distance into the 
air. Occasionally this glow takes the place of the* brush, when a 
rounded wire 0*3 of an inch in diameter is used, and the finer the 
point the more readily is it produced: t\m% ^diminution of the 
charging surface produces it : increase of power in the machine tends 
to it, and it is surprisingly favoured by rarefaction of the air. A 
brass ball 2^ inches in diameter, when made positively inductric (82) 
in an air-pump receiver, becomes covered with a glow over an area of 
two inches in diameter, when the pressure is reduced to 4*4 inches of 
mercury. By a little adjustment, Faraday succeeded in covering the 
ball all over with this light ; using a brass ball 1*25 inches in diameter, 
and making it inducteously positive by an inductric negative point, 
the phenomena at high degrees of rarefaction were exceedingly 
beautiful. The glow came over the positive ball, and gradually 
increased in brightness, until it was at last very luminous, and it 
stood up like a low flame, half an inch or more in height. On 
touchiBg the sides of the glass jar, this lambent flame was affected, 
assumed a ring form, like a crown on the top of the ball, appeared 
flexible, and revolved with a comparatively slow motion, i. e., about 
four or five times in a second. 

(136) The glow is always accompanied by a wind proceeding either 
directly out from the glowing part, or directly towards it. Faraday 
was unable to analyse it into visible elementary intermitting dis- 
charges, nor could he obtain the other evidence of intermitting action 
— namely, an audible sound (127). It is difficult to produce it at 
common pressures with negative wires, even on fine points, though in 
rarefied air the negative glow can easily be obtained. 

(137) All the effects tend to show that glow is due to a continuous 
charge or discharge of ay ; in the former case being accompanied by 
a current from, and in the latter case by one to, the place of the 
glow. As the surrounding air comes up to the charged conductor, 
on attaining that spot at which the tension of the particles is raised 
to the sufficient degree, it becomes charged, and then moves off by 
the joint action of the forces to which it is subject, and at the same 
time that it makes way for other particles to come and be charged in 
turn, actually helps to form that current by which they are brought 
into the necessary position. Thus, through the regularity of the 
forces, a constant and quiet result is produced, and that result is, the 
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charging of successive portions of air, the production of a current 
and of a continuous glow. 

(138) By aiding the formation of a current at its extremity, the 
brush at the termination of a rod may be made to produce a glow, 
and on the other hand by affecting the current of air, by sheltering 
the point from the approach of airj it is not difficult to convert the 
glow into brushes. The glow is assisted by those circumstances 
which tend to facilitate the charge of the air by the excited con- 
ductor, the brush by those which tend to resist the charge of the 
same; and th6se which favour intermitting discharge in a more 
exalted degree favour the production of the spark. Thus the transi- 
tion from the one to the other may be established in various ways : 
by rarefying the air, by removing large conducting surfaces from the 
neighbourhood of a glowing termination, or by presenting a sharp 
point tow^ards it, we help to sustain the glow ; and by condensing 
the neighbourhood of a discharging ball, or by presenting the hand 
gradually towards it, we convert the glow into the brush or 
spark. 

(139) Before proceeding further, it may be useful to give a general 
summary of the views of Biaraday relating to induction. His theoiy^ 
is not intended to offer anything new as to the nature of the electric 
force or forces, but only as to their distribution. It undertakes to 
state how the powers are arranged, to trace them in their general 
relations to the particles of matter, to determine their general laws, 
and the specific differences which occur under these laws. 

(140) The theory assumes : 

1°. That all the particles, whether of insulating or conducting 
matter, are, as wholes, conductors. 

2”. That not being in their normal state polar, they can become so 
by the influence of neighbouring charged particles, the polar state 
being developed at the instant, exactly as in an insulating conducting 
mass consisting of many particles. 

3°. That the particles when polarized are in a forced state, and 
tend to return to their normal or natural condition. 

4®. That being, as wholes, conductors, they can readily be charged 
either bodily or polarly. 

6”. That particles w hich, being contiguous, are also in the line of 
inductive action, can communicate or transfer their polar forces to 
one another more or less readily. 

6®. That those doing so less readily require the polar forces to be 
raised to a higher degree before this transference or communication 
takes place. 

7®. That the ready communication of forces between contiguous 
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particles constitutes conduction^ and the difficult communication 
insulation; conductors and insulators being bodies whose particles 
naturally possess the property of communicating their respective 
forces, easily or with difficulty ; having these differences just as they 
have differences of any other natural property. 

8®. That ordinary induction is the effect resulting from the action 
of matter charged with excited or free* Electricity, upon insulating 
matter, tending to produce in it an equal amount of the contrary 
state. 

9 ®. That it can do this only by polarizing the p2rti(des contiguous 
to it, which perform this office to the next, and these again to those 
beyond ; and that thus the action is propagated from the excited 
body to the next conducting mass, and these render the contrary 
force evident, in consequence of the effect of communication which 
supervenes in the conducting mass, upon the polarization of the 
particles of that body. 

10®. That therefore induction can only take place through or across 
insulators : that induction is insulation, it being the necessary con- 
sequence of the state of the particles, and the mode in which the 
influence of electrical forces is transferred or transmitted through or 
across each insulating medium. 
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CHAPTER V. 

The Leyden phial and battery— Laws of accumulated Electricity — Specific 
inductive caj^acdty— Lateral discharge— Physiological and chemical effects of 
frictional Electricity. 

(141) Accumulation of Electricity, — The Leyden Phial. — In a 
previous chapter (89) it has been shown that a higher charge may be 
communicated to the gold leaf Electroscope while under the influence 
of a second plate not insulated. To illustrate this property of the 
second plate we have only to bring it as close as possible, without 
touching, to the inductric plate, and communicate a charge to the 
latter ; then, on removing the second plate, the accumulation wliich 
has been effected will be indicated by an expansion of the gold 
leaves considerably beyond the original amount. This divergence of 
the gold leaves is to be considered as occasioned by the attraction in 
opposite directions of the oppositely electrified inducteous bodies. 

(142) When an excited glass tube is brought near to the cap of 
the Electroscope, the second plate (connected with the earth) being 
close to it, the gold leaves do not open nearly so much as if the 
second plate were not there, because induction taking place through 
the intervening plate of air to the nearest body, viz. the inducteous 
or second plate, the Electricity of the same kind as that of the cap of 
the instrument, becomes difiused over the earth (89) ; but when 
the second plate is removed, the leaves diverge much more than if it 
had not been there, because they have received a liigher charge. 
Now, in this case, the intervening air has received a higher polar 
tension^ which it wnll be understood, arises entirely from the close 
proximity of the charged body to a conductor to the earth : the 
thinner the intervening stratum of air, the higher the degree of 
polar tension that can be attained, and the rise of force is limited by • 
the molility of the particles of the air, in consequence of which the 
equilibrium is restored either silently or by a spark. 

(143) If, instead of a plate or stratum of air, we employ a solid 
dielectric, such as glass, the tension which may be assumed is limited, 
only by its cohesive force. Thus, if we place a plate of glass 
between two circular pieces of tin, insulated, and connect one plate 
with the prime conductor of an electrical machine, we shall have an 
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arrangement precisely similar to the condenser (Fig. 33), except 
that the intervening dielectric will be glass instead of air: oh 
connecting the other plate with the earth to destroy its polar state, 
and working the machine, the particles of the glass will become 
powerfully polarized ; and if, instead of connecting one of the plates 
with the earth, we touch it from time to time with the knuckle, a 
series of sparks will be obtained, occasioned by the repulsion of the 
positive Electricity naturally present in the tin plate, by induction 
through the glass from the opposite plate electrified by the machine. 
After a time these will cease, and on rQmoving the 'fc'ire connecting 
the plate with the prime conductor, it will be charged with positive, 
while the other plate will be charged with fiegati/ve Electricity, both 
in a high state of tension. If now both plates arc connected by 
means of a curved wire, discharge results, attended with a vivid flash 
and a loud snap. 

(114) The same eifects will bo produced by coating either side of a 
pane of glass with tin-foil, leaving about IJ inch all round uncovered, 
and it is quite clear that the surfaces of dielectrics and conductors 
may be arranged in difierent forms without impairing the effects. 
Glass jars or bottles are found much more convenient in practice 
than squares of coated glass ; and the quantity of Electricity which 
may be accumulated depends upon the extent of the coated surface ; 
its intensity on the thinness of the glass. 

(145) It may be as well here to state the meaning we attach to 
the words tension and intensity; terms in constant use, but 
respecting wdiich some confusion appears to exist in the writings of 
many electricians. We are disposed to adopt the views of Harris 
(Fhil. Trans,, 1834), according to which, intensity in common 
Electricity should be limited to the indications of an Electrometer 
employed to determine by certain known laws of its relations to an 
accumulated charge, — the quantity accumulated, or any other elec- 
trical element required to be knowm. Thus, by the use of certain 
instruments, it is found that with a quadruple attractive force there 
is twice the quantity of Electricity accumulated (00), and so on, the 
surface remaining the same ; again, with a double extent of surface, 
the same quantity is accumulated as before, when only one-fourth 
the force is indicated by the Electrometer.* The relations of the 
indications of the quadrant Electrometer, or of any other Electro- 
meter, to the quantity accumulated, &c. &c., Harris considers as 
copiing under the term intensity ; for they show, at the same time, 

* See Harris's papers in the Transactions of the Royal Society for 1836, Part 2; 
and for 1839, Part 2. 
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the force of the charge upon surrounding bodies. Tension, Harris 
applies to the actual force of a charge to break down any non- 
conducting or dielectric medium between two terminating electrified 
planes. For example, take a coated pane of glass, and charge it in 
the usual way ; then the absolute force exerted by the charge in the 
intervening glass — ^the force exerted by the polarized particles of the 
glass to get out of their constrained state, may be expressed by the 
term tension ; and there would be no contradiction or superfluity of 
terms to talk of tl^ intemity of the tension in this sense. 

(146) The sum of the matter appears to be this : — tension applies 
to the particles of the electric agency itself, — to a force, in short, 
such as Faraday has shown to exist in the polarized state of particles 
of matter, to unfetter' themselves, as it were; whereas intensity 
applies to tlie attractive forces between the terminating plates which 
are the boundaries of the system, as when a plane, counterpoised at 
the end of a beam, is caused to descend upon another plane beneath 
it, by electrical attraction, the weight in the scale pan requisite to 
balance this force is the intensity between the planes ; whereas the 
tension of the charge between them refers to the polarized particles 
of the dielectric medium, — that is, to the force, whatever it be, by 
which they endeavour to return to their primitive state. Now, the 
attraction between the planes may be conceived to be the result of 
the induction sustained by the particles of the dielectric between 
them, the force of which may be called intensity ; and tliis may differ 
from the re-active force in tlie polarized particles themselves, — that 
is, the force they exert to return to their primitive state. It may be 
also that this last force is in propoHion to the quantity of disturbance 
in the particles, or in proportion to the quantity of Electricity deve- 
loped in the terminating planes or coatings ; whilst the intensity, or 
force of attraction between the coatings, supposing them free to 
move, might be as the square of the quantity of Electricity. 

(147) It is very justly observed by Harris, that it would be almost 

as well perhaps if the term tension were banished from common 
Electricity altogether, as being too hypothetical a word for our 
present knowledge of Electricity, inasmuch as it is essentially 
applicable to some species of elastic force. Now, we do not know 
whether Electricity be a force of this kind or not. The term 
intensity is not open to this objection, because it simply expresses 
the energy or degree of power with w^hich a particular force operates, 
be that force what it may. , 

(148) Glass jars, coated on each side with tin-foil, are well known 
by the name of Leyden phials, from their having been first con- 
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Btructed by Muscbenbroek and his friends at Leyden (8). In practice 
it is found impossible to diminish the thickness of the glass beyond a 
certain extent, as the constrained position of its polarized particles is 
apt to rise so high as to destroy its cohesive force, and the charge 
breaks its way through the glass. Pig. 66 represents a Leyden 
phial of the usual construction, with the discharging rod furnished 
with a glass handle in the position in Fig. 66. 

which it is placed, in the act of dis- 
charging the jar by establishing a 
metallic communication between the 
outer and inner metallic coatings. 

The wire which passes through the 
varnished * mahogany cover of the 
jar, is terminated at one end by a 
brass ball, and at the other by a chain 
reaching to the bottom of the jar. 

(149) To charge the Leyden 
phial, its knob should be held about 
half an inch from the prime conductor, the hand grasping the outer 
coating. A scries of sparks take place between the knob and the 
conductor, which continue for some time and then cease. The jar is 
now charged^ its inside containing positive, and its outside negative 
Electricity, tlicir union being prevented by the interposed glass. If 
th^i jar be very thin, and the tension of the Electricity considerable, 
discharge frequently talies place through the glass, which thus 
becomes perforated and useless ; or, if the metallic coatings extend 
too near the mouth of the jar, the discharge is very apt to pass over 
the uiicoatcd surface in the form of a bluish lambent brush of flame, 
constituting a spontaneous discharge. But if neither of these acci- 
dents occur, still the jar as thus constructed cannot.be kept charged 
long, neutralization taking place more or less rapidly, by the con- 
ducting substances present in the surrounding atmosphere. It is 
advisable to varnish the glass above the coating with a solution of 
gum lac in alcohol, or with the common spirit varnish of the shops, 
taking care to warm the jars before and after its application. 

(150.) In Fig.. 66 the Leyden phial is represented as undergoing 
discharge by an instrument for the purpose ; it is not, how^ever, 
advisable to discharge large phials by placing one of the balls of the 
discharging rod against its side in this manner, there being some 
risk of breaking them' by the explosion, especially if the glass be 
thin. The best plan is to place the phial upon a sheet of tin-foil 
considerably larger than the bottom of the jar, to place the lower 
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ball of the discharging rod upon the metal, and then to bring the 
other ball quickly within the striking distance of the knob of the 
ja:P; by this method the Electricity becomes diffused over a larger 
surface, and is not concentrated to a single point of the glass, the 
risk of fracture of which is necessarily diminished in consequence. 

(151) When narrow-mouthed jars or bottles, as the common 
sixteen ounce phials of white glass (which from their thinness form 
excellent ’electric jars), are used, some persons coat them internally 
with brass filings instead of tin-foil, on account of the difficulty of 
applying the la^oter to their interior ; for this purpose some thin glue 
should be poured into them, rfnd the bottle turned slowly round 
until its inner surface is covered to about three inches from the 
mouth. Brass filings are then put in, and the bottle well shaken, so 
that they may be diffused equally over its surface ; on inverting it, 
those which are in excess will fall out, and the bottle will be left 
tolerably well coated internally. This method, however, rarely 
answers well ; a better one is, to melt equal parts of lead and tin, and 
whilst fused, to add quicksilver enough to keep the whole fluid whilst 
w^arm, and in this condition to pour it into the bottle, turning the 
latter round and round in various ways till the w hole of the inside 
is covered with amalgam. A little bismuth keeps the w'hole fluid at 
a low^er temperature. This plan answers very w^ell for coating 
Fig. 67. internally large green glass carboys, though no 

experimentalist is advised to go to the trouble 
of fitting up these vegsels, as they generally 
prove useless, probably on account of the im- 
perfection of the dielectric. 

(152) By the construction shown in Pig. G7 
the influence of external causes in dissipating 
the charge of a Leyden jar may to a consider- 
able extent be prevented. The jar is coated 
with tin-foil as usual, but a glass tube lined 
internally to rather more than half its length 
from the bottom, and surmounted wdth a brass 
cap, is cemented firmly into the wooden cover. 
A communication is establisljed between the 
brass cap and the internal coating by a small 
brass wire passing loosely through it, and ter- 
minating in a small knob. This wire touches 
the inside of the glass tube. The jar is charged 
in the usua,l manner: the wire may then be 
removed by inverting the jar ; the internal coat- 
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ing is thus cut off from contact with the external air, and the 
dissipation of the charge prevented. Jars thus arranged have been 
known to retain their charge for days, and even for weeks. 

In Eig. 68 a good method of fitting up the Leyden Fig. 68. 
phial is shown: the wire communicating with the 
interior coating passes through a glass tube extend- 
ing above and below the cover about six inches. m 

The cover is thus insulated from the inside coating, 

(lust IS excluded, and a greater stability is given#to ^ 
the wire. Thus arranged, the jar will retain its iijl 

charge much longer than on the usual plan. It was 1 1 

contrived by Mr. Barker. ! || 

(153) The arrangement of the Rev. E. Lockey, by ;|| 

whi(^.h the fracture of large jars is almost with !j|| 

certainty prevented, is shown in Eig. 69. The wire, | 

instead of communicating with the interior coating | 

by means of a metallic chain, screws into the Fig. 69. 

bar of wood a, wh^h is covered wdth tin-foil, 
the sides of which press lightly against the 
inner coating of the jar; two slender pieces of 
wood, h, c, also cove^red with tin-foil, are mor- a 

ti(*('d into the bar a, and kept in place by a . t ^ 

brass pin at d; the other extremities press \\ X/ 

against the sides of the jar close to the bottom : ^ 

w'idc'-mouthed jars slipuld be employed, and if /j\\ 

they slope towards the bottom, the firmer can yy 
the bar a be fixed : no covers arc required. The /y \\ 

advantage of this arrangement will be imme- 


Fig. 69. 


diately perceived ; there being a metallic communication between the 
knob and four different points of the inner coating, the force of the 
discharge is divided into four parts, and not only is the risk ot 
fracture decTeased thereby, but a complete discharge of the jar is 
ensured. 


A curious fact connected with the fracture of jars, first noticed by 
Priestley (^IIisto7*yy p. 611), and afterw'ards confirmed by Bachhoffner 
(Elect. Mag., vol. i. p. 282), is, that though a ready passage for 
restoring the electrical equilibrium is opened by the bursting of the 
jar, the transmission of the charge takes place through the appro- 
priated circuit without any apparent loss of power. Bachhoffner 
refei;^ the occasional bursting of jars to an unequal arrangement of 
particles in certain parts of the glass, w^hereby the assumption of the 
polarized state is impeded, so that at these parts more or less time 
may be requisite to effect an equal degree of polarized intensity 
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corresponding to the other portions of the jar, and in like manner 
dpring discharge more or less time would be necessary to effect their 
restoration to the natural state. 

(154) Sir William Harris fits up his jars as 
seen in Fig. 70. The mouths are open, and the 
charge is conveyed to the bottom of the jar by 
a copper tube, G- H, three-eighths of an inch 
in diameter. This tube terminates in a ball, F, 
^ of baked wood, and is kept in its place by a 
convenient foot firmly cemented to the bottom 
of the jar, which is previously covered with a 
circle of pasted paper leaving a central portion 
of the coating free, for the perfect contact of 
the charging rod, G H, which passes througli 
the centre of the foot as shown by the dotted 
lines in the figure. When the jars Jire either 
employed singly, or are united so as to form a 
battery (77), they should Ibe placed on a con- 
ducting base supported by short columns of 
glass, or some other insulating substance, so that the whole can 
be insulated if necessary. 

FiV. 71! In order to allow the jars to be charged and 




discharged with precision, Harris connects them 
with what he calls two centres of action, A and H, 
Fig. 71. The first of these^ A, consists of a brass 
ball which slides with friction on a metallic rod, 
A D, so as to admit of its being placed at any 
required height. This |^all has a number of holes 
perforated in its circumference to receive the point 
of the rod or rods which connect it with the jar 
or jars. The rod, A B, which supports this ball, 
may be either insulated on a separate foot, and 
connected with the prime conductor, or it may be 
inserted directly into it. The second centre of 
action consists of a larger ball of metal, B, attached 
to a firm foot, and placed on the same conducting 
base with the jar so as to be perfectly connected 
with it. When the first centre of action, A, 
requires to have a separate insulation, the insu- 
lating glass rod is screwed immediately into the 
lower ball, B, and sustains the metallic rod above 


described by the intervention of a ball of baked wood, D, the 
opposite end of the rod terminating in a similar ball, C, through the 
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substance of which the conducting communication with the machine 
passes when it is placed on a separate foot. All the metallic con- 
nections should be covered with sealing-wax except at the points of 
junction, and the wooden balls and different insulations should be 
carefully varnished. (Encycl, BriL, art. Electricity.) 

(155) The discharge of the jar is the passage of the electrical 
forces in their primary state of activity, from a State of tension, into 
their secondary condition, known as the electrical cinrent. The 
velocity with which this is effected is so enormf)us*that it may be 
regarded as momentary. Nevertheless, the rate at which the forces 
travel has been measured by Professor Wheatstone, and shown to 
exceed that of light itself. {Bhil. Tra/ns. 1834.) 

Light is about eight minutes thirteen seconds in passing from the 
sun to the earth, so that it may be considered as moving at the rate 
of one hundred and ninety-two thousand mdea in a second, per- 
forming the tour of the w^orld in about the same time that it requires 
to wink with our eye-lids, and in much less than a swift runner 
occupies in taking a single stride. 

The sun is ninety-five millions of miles from the earth, and almost 
a million times larger : the sun being 882,000 miles in diameter, and 
the earth 8,400 miles. Yet its magnitude, as viewed from the 
earth, scarcely exceeds that of the moon, which is not more than 
one-fourth the diameter of our *globe, being 2,160 miles in diameter. 
Such, how'ever, is the velocity of light, that a flash of it from the sun 
w^ould be seen in little more than eight minutes after its emission : 
whereas the sound evolved at the same time (supposing a medium 
like air capable of conveying sound between the sun and the earth), 
would not reach us in less than fourteen ycai:s and thirty-seven days, 
and a cannon ball, proceeding with its greatest speed, in not less 
than twenty years. 

(156) The velocity of Electricity is so great, that the most rapid 
motion that can be produced by art appears to be actual rest when 
compared with it. A wheel, revolving with a rapidity suflicient to 
render its spokes invisible, when illuminated by a flash of Electricity, 
is seen for an instant with all its spokes distinct, as if it were in a 
state of absolute repose; because, however rapid the rotation may 
be, the light has come and already ceased before the wheel has had 
time to turn through a sensible space ; insects on the wing appear 
fixed in the air ; vibrating strings are seen at rest in their deflected 
positions ; and a rapid succession of drops of water, appearing to the 
eye a continuous stream, is seen to be what it really is. The 
following experiment was made by Wheatstone : — A circular piece of 
pasteboard was divided into three sections, one of which was painted 

I 2 
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blue, another yellow, and a third red ; on causing the disc to revolve 
rapidly it appeared white, because a sun-beam consists of a mixture 
of these colours, and the rapidity of the motion caused the distinction 
of colours to be lost to the eye : but the instant the pasteboard was 
illuminated by the electric spark, it seemed to stand still, and each 
colour was as distinct as if the disc were at rest. 

By a beautiful application of this principle, Wheatstone contrived 
an apparatus by which he has demonstrated that the light of the 
electric discharge 'does not last the millionth part of a second of 
time. His plan was to view the image of a spark reflected from a 
plane mirror, which, by means of a train of wheels, was kept in rapid 
rotation on a horizontal axis. The number of revolutions performed 
by the mirror was ascertained by means of the sound of a siren 
connected with it, and still more successfully by that of an arm 
striking against a card, to be 800 in a second, during which time the 
image of a stationary point would describe 1,600 circles; and the 
elongation of ^be spark through half a degree, a quantity obviously 
visible, and equal to one inch, seen at the distance of ten feet, would 
indicate that it exists 1,152,000th part of a second. A jar was dis- 
charged through a copper wire half a mile in length, interrupted both 
in the middle and also at its two extremities, so as to give three 
distinct sparks. The deviation of half a degree between the two 
extreme sparks w^ould indicate a velocity of 570,000 miles in a 
second. This estimated velocity is on the supposition that the 
Electricity passes from one end of the wdre to the other ; if however 
the two fluids in one theory, or the disturbance of equilibrium in the 
other, travel simultaneously from the^ tW'O ends of the wire, the 
two external sparks will keep their relative positions, the middle one 
alone being deflected ; and the velocity measured will be only one- 
halt that in the former case, viz. 28S,000 miles in a second. 

(157) The following were the results actually obtained. In all 
cases, when the velocity of the mirror exceeded a certain limit, the 
three sparks ’were elongated into three parallel lines, and the lengths 
became greater as the velocity of the mirror -was increased. The 
greatest elongation observed w^as about 24”, indicating a duration of 
about the 24,000th part of a second. The lines did not alw^ays 
commence at the same places : sometimes they appeared immediately 
below the eye, sometimes to the right, at other times to the left, and 
occasionally they were out of view altogether. This indetermination 
was owing to the arm not always taking the spark at the s^mo 
distance from the discharger, several discharges were therefore re- 
quired to be made before the eye could distinctly observe the 
appearances. When the velocity w’^as low, the terminating points 
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appeared to be exactly in the same vertical line, but when the 
velocity was considerable and the mirror revolved towards the right, 

the lines assumed this appearance ; — — — - ■ when it revolved 

towards the left, they appeared thus : . — - — — in no case were 
they seen thus: — or thus: — as re- 

quired by the hypothesis of a single fluid. 

The spark board was 10 feet from the mirror, and the duration 
between the extreme sparks and the middle one could not have 
exceeded one-half of a degree. The general conclusions drawn from 
the experiments were : 1st. That the velocity of Electricity through 
a copper wire exceeds that of light through the planetary space. 
2nd. That the disturbance of the electric equilibrium in a wire 
communicating at its extremities with the two coatings of a charged 
jar, travels w^ith equal velocity from the two ends of the wire, and 
occurs latest in the middle of the circuit. 3rd. That the light of 
Electricity in a state of high tension has less duration than the 
millionth part of a second; and 4th. That the eye is capable of 
perceiving objects distinctly, which are presented to it during the 
same interval of time. 

(158) The quantity of Electricity accumulated in' a jar or battery 
may be roughly estimated by the number of turns of the machine, or 
more correctly by the unit jar (Fig. 96) ; its intensity may be approx- 
imately determined by the amount of repulsion between any two 
moveable bodies under its influence, or rather by the amount of their 
opposite attractions by surrounding bodies under their inductive 
influence. 

In Fig. 72 is shown the quadrant electrometer, invented 
by Henley for this purpose. It consists of a graduated 
semicirc'le of ivory fixed to a rod of wood d. From the* 
centre of a descends a light index, terminating in a pith- 
ball, and readily moveable on a pin. To use it, it is removed 
from its stand and screwed upon the jar or battery, the 
charge of which it is intended to indicate : as it increases, 
the pith-ball moves from its centre of suspension, and 
measures the intensity upon the graduated semicircle. 

(159) When a series of explosions from a Leyden phial is required 
for any particular purpose, it is useful to have a contrivance by 
which the discharges can be eflfected without the interference of the 
operator. Fig. 73 represents the apparatus of Mr. Lane for this 
purpose, a is the prime conductor of an electrical machine ; h the 
jar, on the wire communicating with the interior of which is fixed 
the arm of varnished glass c, on the end of this is cemented the 
brass knob n ; through this ball the wire f d slides, so that the ball 
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d may be brought to any required distance 
from the knob of the jar e. A simple 
inspection of the figure will show how 
this discharging electrometer acts, and 
how, by increasing or lessening the dis- 
tance between d and e, the strength of the 
charge may be regulated. 

(160) Another useful instrument is 
the balance electrometer of Cuthbertson, 
shown in Fig. 74. A B is a wooden stand, 
about eighteen inches long and six broad, in 
which are fixed two glass supports d e, 
mounted with brass balls ; under the ball 
is a brass hook : the hall h is made of two hemispheres, the under one 
being fixed to the brass mounting, and the upper one turned with a 
groove to shut upon it, so that it can be taken off at pleasure ; it is 
screwed to a brass tube about four inches long, fitted on to the top of 
e ; from its lower end proceeds an arm carrying the piece /c, being two 
hollow balls and a tube, which together makes nearly the same length 
as that fitted on to e : g h, is a straight brass wire, with a knife-edged 
centre in the middle, placed a little below the centre of gravity, and 
equally balanced with a hollow brass ball at each end, the centre or 
axis resting upon a proper shaped piece of brass fixed in the inside of 
the ball b; that part of the hemisphere towards h is cut open to 


Fig. 73. 



Fig. 74 . 


A- 



permit that end of the balance to descend till it touches d, and the 
upper hemisphere b is also cut open : the arm g is divided into sixty 
grains, and furnished with a slider, to be set at the number of grains 
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the experiment requires; ^ is a common Henley’s Electrometer 
screwed upon the top of h. The slider is placed loosely on the arm 
g, so that as soon as gh\^ out of the horizontal position it .slides 
forward towards f, and the ascending continues with an accelerated 
motion till h strikes d. 

Now suppose the instrument to be applied to a jar as in the figure ; 
a metallic communication by a wire or chain is established between 
c and the inside of the jar, h is screwed upon h with its index point- 
ing towards h, the increase of the charge in the^ jar is thus shown : 
suppose the slider to be set at fifteen grains, it wilf cause g to rest 
upon y with a pressure equal to that weight : as the charge increases 
in the jar the balls/and g become more and mere repulsive of each 
other ; and when the force of this repulsion is sufficient to raise 
fifteen grains, the ball g rises, the slider moves towards &, and the 
])all h, coming rapidly into contact with discharges the jar, and as 
the force of the repulsion depends upon the intensity of the charge, 
the weight it has to overcome affords a measure of this intensity, and 
enables the experimenter to regulate the amount. 

(IGl) A very useful piece of appa- 
ratus for directing with precision 
the charge of a jar or battery, is 
Henley’s Universal Discharger, Fig. 

75 ; it consists of a wooden stand 
with a socket fixed in its centre, to 
which may be occasionally adapted 
a small table having a piece of ivory 
(which is a non-conductor) inlaid 
on its surface. The table may be raised and kept at the proper 
height by means of a screw s. Two glass pillars P P are cemented 
into the wooden stand. On the top of each of these pillars is fitted 
a brass cap having a ring E attached to it, containing a joint 
moving both vertically and horizontally, and carrying on its upper 
part a spring tube admitting a brass rod to slide through it. Each 
of these rods is terminated at one end either by a ball a h screwed on 
a point, or by a pair of brass forceps, and is fiimished at the other 
extremity with a ring or handle of solid glass. The body through 
which the charge is intended to be sent, is placed on the table, and 
the sliding rods, which are moveable in every direction, are then by 
means of the handles brought in contact with the opposite sides, and 
one of the brass caps being connected with the outside of the jar or 
battery, the other may be brought into communication with the 
inner coatings by means of the common discharging rod. Fig. 67. 
For some experiments it is more convenient to fix the substance on 


Fig. 75. 
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which the experiment is to be made in a mahogany frame E, consist- 
ing of two small boards which can be pressed together by screws, 
and which may then be substituted for the table. In either of these 
ways the charge can be directed through any part of the substance, 
with the greatest accuracy. 

(162) When several jars are electrically united together, the 
arrangement is called an Electrical Battery. Fig. 76 represents such 
an apparatus. It consists of fifteen jars, the inside coatings of all of 
which are metallically connected by brass rods, and the bottom of 
the box in which they stand, being lined with tin-foil, secures a con- 
tinuous conducting surface for the exterior coatings. The battery is 
shown with a Cuthbert son’s Balance Electrometer, and an apparatus 
for striking metallic oxides attached. It is charged in the same 


Fig. 76 , 



manner as a single jar, by connecting the metallic rods in communi- 
cation with the inside coatings with^ the prime conductor, as shown 
in the figure ; the metallic lining of the box being in good conduct- 
ing communication either w ith the negative conductor or with a good 
discharging train. This does not seem, however, to be the best 
method of arranging a batteiy. The jars, according to Harris’s 
experience, should be disposed round a common centre (Fig. 77), 
that centre being in communication with the prime conductor. As 
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shown in the figure, the central insulated rod C D is in direct com- 
munication with the prime conductor, the remaining jars being 
connected with each other. Harris found the difference between the 
two modes of arrangement to he considerable, and in a battery of 
five jars, each containing five square feet of coated surface, to amount 
to one fifth of the entire accumulation. 


Fig. 77. 



(163) By thus multiplying the number of jars we have it in our 
power to accumulate Electricity to an extent limited only by the 
charging power employed. A prodigious apparatus was constructed 
towards the end of the last century by Cuthbertson for the Ty- 
lerian Society at Haerlem. It consisted of one hundred jars of five 
and a half square feet each, to th^ the total amount of coated 
surface w as five hundred and fifty square feet. This battery, when 
charged with Van Marum’s large machine (102), produced the most 
astonishing eftects. It magnetized large steel bars, rent in pieces 
blocks of box-wood four inches square ; melted into red hot globules 
iron wires 25 feet in length and -fi-oth of an inch in diameter, and 
dissipated in a cloud of blue smoke tin wires 8 inches long and A-th 
of an inch in diameter. The management of large electrical 
batteries demands considerable caution, as the discharge of a far 
smaller extent of coated surface than that just described, through 
the body of the operator, would be attended with serious conse- 
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quences : by employing, however, the balance electrometer of Cuth- 
bertson (Fig. 74), or the simple apparatus invented by Harris, and 
shown in Fig, 95, p. 137, all danger may be avoided. 

(164) The extent of charge which a jar or battery is capable of 
receiving may be considerably augmented by moistening the interior. 
It was noticed by Mr. Brooke {CuthhertsorC s JElectricity^ p. 169) 
that a coated jar would take a higher charge when dirty than when 
clean, and in 1792 Cuthbertaon made the casual discovery that a 
fresh coated jar, tjie inside of which was a little damp, would take a 
higher charge* than it could do after it* had been coated for some 
time and was quite dry. This observation induced him to make a 
series of experiments. He found that a battery composed of fifteen 
jars, and containing seventeen square feet of coated glass which on a 
very dry day in March (1796) could only be made to ignite eighteen 
inches of iron wire, took a charge which ignited sixty inches when 
he breathed into each jar through a glass tube. H e first thought he 
had thus obtained a method of making one battery perform the func- 
tions of three, but his subsequer^ experiments on the fusion of wires 
by various quantities of Electricity at the same intensity, led him to the 
conclusion that the increase of effect was equivalent to the addition 
of six jars, A jar containing 168 square inches of coating, made 
very dry, and arranged with his balance electrometer and eight 
inches of watch pendulum wire, included in the circuit in the manner 
shown in Fig. 76, was found to discharge spontaneously without 
affecting the separation of the balls g f, when the slider was set at 
thirty ; but when the inside of the jar was moistened by breathing 
into it no spontaneous explosion occurred, but the discharge took 
place through the electrometer, and the wire was fused into balls. 

(165) The^ tendency of jars to spontaneous explosion when very 
clean and dry, may be diminished vrithout moistening their insides, by 
pasting a slip of WTiting paper, about an inch broad, on the inner 
surface of the jar, so as to cover the uncoated interval to the height 
of half an inch above the upper edge of the inner coating. The 
action of this and of the other tneans that have been employed for 
the same purpose, consists, according to Singer {^Elements of Elec- 
tricity^ p. 135), in a gradual diminution of the intensity of the 
charge at that part from which it has the greatest tendency to 
explode, by an extension of the charged surface through the medium 
of an imperfect conductor. The height of the uncoated rim of small 
jars should, according to the same authority, be about two or two 
and a half inches ; with larger jar^ a rim of three inches will be 
sufficient if they are fitted up with an interior paper band. Singer 
also recommends to interpose a thickness of writing paper between 
tlie coating and the glass, which may easily be effected by pasting 
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the tin-foil first on paper, and afterwards applying this combined 
coating to the glass. The metallic coatings are thus placed at a 
greater distance from each other, and the chance of fracture is 
diminished. But jars thus fitted up, though they admit of a much 
greater quantity of Electricity being disposed on them than other 
jars without paper, have not for equal quantities of Electricity the 
same amount of action, the intensity of the Electricity being much 
less. A thin jar will, with the same amount of attractive force, 
ignite more wire than a thick one. 

(166) A few experiments illustrative of various phenomena connected 
with the charge and discharge of coated glass may here be introduced. 

Experiments with the Leyden phial and battery. 

Ex, 1. Fix to the outside coating of the jar, a. Fig. 78, exposing 
about a square foot of coated surface, a curved Fig. 78. 

wire ft, terminated by a metallic ball c, rising 
to the same height as the knob of the jar d ; 
charge the jar, and suspend midway between c 
and d^ by a silken thread, a small ball of cork or 
elder pith. The ball will immediately be at- 
tracted by d^ then repelled to c, again attracted, 
and again repelled, and this will continue for a 
considerable time ; when the motion has ceased, 
apply the discharging rod to the jar, no spark or 
snap will result, proving that the phial has been 
gradually discharged by the pith or cork ball, 
the motion of which from d to c likewise 
proving the opposite electrical states of the outer and inner coatings. 

Ex, 2. Place the jar A, Fig. 79, on the 
insulating stand B, and attempt to charge 
it from the prime conductor, you will find 
it impossible ; now apply the knuckle to 
the outside coating, and continue to, turn 
the machine; for every spark that enters 
the jar, one will pass between the outside 
coating and the knuckle, and on applying 
the discharging rod, the jar will be found 
to have received a charge. Instead of the 
knuckle, the knob of a ^oooxA 'uninsvXated 
jar p, may be applied as in Fig. 79, both 
jars will receive a charge. 

This experiment was made by Franklin 
in confirmation of his theory that when a 
iar is charged it contains in reality no 
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more Electricity than it did before, and that during the act of 
charging the same quantity of was thrown out of one side 

of the glass as was thrown on the other side from the conductor of 
the machine. . In order to demonstrate this still more conclusively 
he arranged a series of jars, as shown in Fig. 80, taking care to 


Fig. 80 . 



establish a good connection between the outside of the last jar arid 
the earth, and he found that “ the fluid that was driven out by the 
first would be received by the second, and what was driven out of 
the second would be received by the third, &c. A great number of 
jars could therefore be charged wdth the same labour as one, but not 
equally high, as every bottle in the series receives the now lire and 
loses its old with some reluctance, or rather gives some small 
resistance to the charging, and this circumstance in a number of 
bottles becomes more equal to the charging power, and so repels ^lie 
fire back again on the globe sooner than a single bottle wdll do.” 
{JFranklin^s Letters^ p. 12.) This method of charging a series of 
jars, by giving a direct charge to the first only, is called charging by 
cascade. The jars may be separated and discharged singly, or they 
may be so connected as to produce one discharge the force of wdiicli 
shall be equal to the sum of all the separate ones. For this j)ur])ostj 
they are placed upright on one common conducting basis, and their 
interior coatings connected metallically together : the whole series 
may then be discharged precisely in the same manner as a single jar. 
In fact, the arrangement then becomes an ordinary electrical battery. 
Mr. I. Baggs, in a communica^on to the Koyal Society (Jan. 13th, 
1848), describes a method of charging and placing jars by w hich a 
disruptive spark (124) of unusual length and brilliancy is easily 
produced. The jars are charged separately and to the same degree 
of intensity, then quickly placed in series of positive and negative 
surfaces, very near, but not so as to touch. 

AJIa?. 3. The following experiment furnishes another beautiful illus- 
tration of the theory of the Leyden jar. It is called the luminous 
or diamond jar. The figure represents a jar the coatings of which 
are made up of fifty -five squares of tin-foil 1 inch square, and each 
perforated with a hole Vb-ths of an inch in diameter, and pasted in five 
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rows inside and outside of tbe jar. The 
diagonals of the square pieces are placed 
horizontal and vertical, and their points or 
angles are separated by about iVth of an 
inch. The ro#s of the tin-foil squares are 
similarly placed on the inside of the jar, 
except that their horizontal points nearly 
touch one another at the centres of the cir- 
cular holes of the outer squares. During 
the chargiug of the jar the sparks are seen 
jumping from one metallic surface to the 
other; and when the ^ar is discharged* every 
part of the jar within the boundaries of the 
metallic spangles becomes momentarily illu- 
minated, and presenting in a darkened room 
an cxc(XMlingly brilliant appearance. 

jEr. 4. Provide a jar the exterior coating of which is moveable 
(it may be made of thin tin plate) ; charge this jar in the usual 
manner, and then place it on an insulating stand : touch the knob 
Irom time to time with a conducting body ; the whole charge -will 
til us ultimately be removed, and the glass will be brought to its 
natural state : now charge the jar again, remove the outer coating, 
and re-j)lace it on the insulating stand ; in this state it will retain its 
charge for an indefinite period. The reason of this is, that the wire 
by which the charge is communicated to the interior coating, being 
k‘ft attached to it, induction docs not take place solely through the 
glass to the opposite coating, but is partly directed, through the air, 
to surrounding conductors : this portion is usually called,/r^^ charge, 
and on removing this, by touching the knob with a conducting body, 
a corresponding portion of free (diarge, of the opposite kind, makes 
its appearance on the outside coating, owdng to the induction which 
is now' at liberty to direct itself from that part to surrounding 
objects. But when the exterior coating is removed the induction is 
determined entirely through the glass, and the charge on one side is 
sustained by an exactly equal quantity of the contrary Electricity 
on the other: all interference with surrounding objects is thus 
cut off. 

Ex. 5. Provide a jar with both coatings moveable (the jar for this 
purpose must be as wide at the mouth as at the bottom) : let the 
wire* communicating with the interior coating pass through a glass 
tube, by which it may be removed from the jar without touching the 
metal : charge the jar in the usual manner, then withdraw’^ the inside 
coating ; and having set it aside invert the jar upon some badly con- 
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ducting body, sucb as the table-cloth, and remove the exterior 
coating ; then, on applying the discharging rod to the two coatings, 
no spark or explosion will take place, and they may be taken in the 
hands without producing any shock, proving them to be quite free 
from any electrical charge : now re-place the coating* on the jar, and 
complete the circuit with the discharging rod : both spark and 
explosion will result, proving that the charge of the Leyden jar is 
dependent on the dielectric glass, and that the only use of the 
coatings is to furnish a ready mean^ of communication between the 
charged particles. 

Ejc. 6. Place a charged jar on an insulated stand, and make a com- 
munication between the interior coating and the electric bells, Pig. 
50 : they will remain at rest until the outside of the jar is connected 
with the earth, when the clappers will be set in active motion : thus, 
by touching the exterior coating from time to time with the finger, 
the bells tnay be made to ring at pleasure. 

7. Place some gunpowder on the ivory slip of the table of tlie 
universal discharger. Pig. 75, and shaving unscrewed the balls a h, 
insert the points of the wires into the powder about half an inch 
apart : on passing an explosion from the Leyden phial through the 
powder, it will be scattered in all directions but not ignited, an effect 
occasioned, probably, by tlio enormous velocity (288,000 miles in a 
second, according to Wheatstone’s experiments) with wdiicli Elec- 
tricity travels, not allowing sufficient time to produce the effects of 
combustion ; that this is the reason is rendered apparent by — 

jElr. *8. In which some loose gunpow^der is placed in the ivory 


Fig. 82 . 



mortar, Pig. 82, and the circuit interrupted by ten or twelve inches 
of water in a porcelain basin : under these circumstances the gun- 
powder is fired on discharging the jar. 
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Fig. 83 represents Mr. .Sturgeon’s apparatus for firing gunpowder. 
The powder is placed in the wooden cup 
A, either dry or made up into a pyra- 
midical form with a little water. The 
brass ball ft, which moves on a joint, is 
brought immediately over it, the chains 
c dy being connected with the outer and 
inner surfaces of a Leyden jar. The dis- 
charge takes place, and the powder is 
inflamed. 

Ex. 9. Tie some tow loosely round one of the knobs of the dis- 
charging rod, and dip it in powdered resin : place the naked knob 
in contact with the outside of a charged jar, and bring the other 
quickly in contact with the ball a : discharge will take place, and the 
resin will burst into a flame. 

Ex. 10. Place a thick card or some leaves of a book against the 
outer coating of a Leyden jar, or between the knobs of the universal 
discharger : pass the explosion, the discharge will pass through the 
paper or card, and perforate it, producing a burr or protrusion in 
both directions, as though the force producing it had acted from the 
centre of the thickness of the card outwards ; a strong and peculiar 
odour is at the same time developed. 

Ex. 11. Drill two holes in the ends of a piece of wood half an 
inch long and a quarter of an inch thick : insert two wires in the 
holes, so that the ends within the wood may bo rather less than 
a quarter of an inch distant from each other : pass a strong charge 
through the wires, and the wood w^ill split with violence. Stones 
may be split in a similar manner. 

Ex. 12. Hang two curved wires, provided Fig- 

with a knob at each end, in a wine-glass 
nearly full of w*ater, so that the knobs shall 
be about half .an inch asunder: connect a. 

Fig. 84, with the outer coating of a charged 
jar, and ft with the inner coating, by means a b 

of the discharging rod ; . when the explosion takes plass the glass 
will be broken with great violence. 

Ex. 13. Eemove the press from the universal discharger, and 
place a lighted candle in the socket : unscrew the balls, and arrange 
the points of the wires a little above the top of the wick of the 
candle, and about one inch apart : charge a jar, and having blown 
out the candle, make the connections between the outer and inner 
coating : the jar will discharge itself through the smoke of the 
candle, and re-light it. 



Fig. 83. 
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Ex. 14. Adjust the candle so that the flame shall be exactly 
on a level with the two points of the discharging wires : set the 
point of the wire which is to communicate with tbe interior coating 
of the jar at the distance of one inch and a half from the flame, 
snuff the wick of the candle very low, and complete the circuit : the 
jar will discharge itself slowly and put out the candle. 

Ex. 15. Eeinove the candle, and screw the table into the socket of 
the universal discharger : place a lump of sugar on the ivory slip, 
and having screwsid t^ brass balls on the discharging wires, bring 
the surface of the sugar to nearly the same height as the centre of 
the balls. Fix Lane’s discharging electrometer, Fig. 73, on the 
Leyden phial, and interpose the universal discharger between the 
chain f and the outside coating of the jar : darken the room, and 
turn the electrical machine. When the jar is charged sufficiently 
high, it will discliarge itself over the surface of the sugar, illuminat- 
ing it, and the light will continue for some time. If five or six 
eggs be arranged in a straight line, and in contact with each other, 
they will be rendered luminous by passing a small charge through 
them. 

Fig. 85. Ex. 16. Place a little model of a brass cannon 

f on a circular brass p'latc fixed on the top of a 
Leyden phial instead of the ball, as shown in Fig. 
85 : connect the s(]uare piece of brass a with the 
exterior coating, and arrange it at the distance of 
about half an inch from the mouth of the (jannon : 
bring the knob h of the cannon in contacJ with 
tlie prime conductor, and hold a card betw een the 
mouth of the cannon and the brass plate a, so that 
it shall not touch either : wiien the jar has received 
a sufficient charge, the explosion will pass, and the card will be per- 
forated, as in experiment 10. 

Ex. 17. Colour a card with vermilion, unscrew the balls from the 
universal discharger, and place the points on opposite sides of the 
card, one about half an inch above the other ; discharge a jar through 
the card, it will be perforated at the point opposite to the wire con- 
nected with the negative side of the jar; a zig-zag black line of 
reduced mercury will be found extending from the point wffiere the 
positive wire touches the card to the place of perforation. This 
curious result arises from the great facility with which positive 
Electricity passes through air, as compared to negative; and on 
repeating the experiment in vizcuo, the perforation always takes 
place at a point intermediate between the tw o wires. 

Ex. 18. To the knob of a large jar A, Fig. 86, screw a small 
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metallic stage C, on which place a small jar B ; charge pjg gg 
the large jar in the usual manner : i;he small jar, though 
it will not be charged in the usual acceptation of the 
term, will nevertheless be in a state of polarization ; and 
on bringing one ball of the discharging rod in contact 
with the exterior coating of the large jar, and the other 
in contact with the knob of the small jar, a flash and 
report will result, arising from the neutralization of a 
portion of the negative Electricity of the outside Surface 
of A, by a corresponding portion of positive Electricity 
from the interior of B ; both jars will now be charged, 
the inner surface of A and the outer surface of B being 
positive, and the outer surface of A and the inner surface 
of B negative; and both jars may be discharged together, by con- 
necting tlie inside of B by means of a wire or chain with the outside 
of A, and bringing one knob of the discharging rod in contact with 
this wire or chain, and the other on the stage C, on which the small 
jar stands. If the large jar A be first discharged in the usual 
manner, by bringing one knob of the discharging rod in contact with 
its outside coating, and the other within striking distance of the 
stage C, a second charge will be communicated to it, by the electro- 
polar influence of the small jar, the moment that the discharging rod 
is removed ; and a second small explosion will take place on applying 
the discharging rod, after which both jars will be reduced nearly to 
a state of neutrality. 

Ex. 19. Pill the bent glass tube, c Fig. 87, with resin, or sealing- 
w^ax, then introduce two wdres, a h, through its ends, so that they 
may touch the resin and penetrate a little Fig. 87. 



way into it: let a person hold the tube 
over a clear fire by the silk string e, so as 
to melt the resin, and at the same time 
connect the wires with the interior and 
exterior coatings of a charged jar: while 
the resin is solid, the discharge cannot 



take place through it, but as it melts it becomes a conductor, and 
then the discharge passes^ freely. 


Ex. 20. The sudden rarefaction which air undergoes during the 
passage of the electric spark through it, is well shown by an apparatus 
invented by Mr. Kiunersley, of Philadelphia, and shown in Fig. 88. 
It consists of a glass tube ten inches long and two inches in 
diameter, closed air-tight at both its ends by tw'o brass caps : a small 
glass tube, open at both ends, the low'er one bent^at a right angle, 
passes through the bottom cap, and enters the water contained in the 
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Fig. 88. lower portion of the large tube. Through the 
middle of each of the brass caps a wire is intro- 
duced, terminating in a brass knob within the 
tube, and capable of sliding through the caps, so as 
to be placed at any distance from each other. If 
the two knobs be brought into contact, and a 
Leyden jar discharged through the wires, the air 
within the tube undergoes no change in volume : 
but if the knobs are placed at some distance from 
each other when the jar is discharged, a spark 
passes from one knob to the other : the consequence 
is a sudden rarefaction of the air in the tube, shown 
by the water instantaneously rising to the top of the small tube, and 
then suddenly subUding ; after which it gradually sinks to the bottom 
of the tube, the air slowly recovering its original volume. 

JEx. 21. Pig. 89 represents two small electric jars, coated as usual, 
externally^ and provided with valves to withdraw the air from them 
by means of an air-pump. After the exhaustion, brass balls are 
Fig. 89. screwed on the necks of the jars over the valves. 

Prom the brass caps wires proceed a few inches 
within the phials, terminating in blunt points. ^ 
jar fitted up in this manner may be charged and 
discharged like a common Leyden phial, induction 
taking place with great facility through highly 
rarefied air. When charged and discharged in a 
dark room, the extremity of the wire in the inside 
becomes beautifully illuminated with a star or pencil of rays (as 
shown in the figure), according as the Electricity happens to be 
positive or negative. This experiment is known as the Leyden 
vacuum. 

J£x. 22. One of the most beautiful experiments in Electricity is that 
called (though most improperly) the “ falling star it is produced by 
transmitting a considerable electrical accumulation through an ex- 
hausted receiver. Singer, in his excellent “ Elements of Electricity,” 
recommends a glass tube, five feet in length and g of an inch in diameter, 
capped with brass at each extremity. When such a tube is exhausted, 
no ordinary Electricity will pass through it in any other than a diffused 
state ; but by employing the charge of a very large ^fiVyintenaely charged^ 
a brilliant flash is obtained through the whole length of the tube. The 
metallic termination in the tube should be a very small and ^ well 
polished ball ; and if care be taken to have the brass caps well rounded, 
and the air within the tube not too much attenuated, the experiment 
will rarely flail. If the tube be six feet long, it may be four inches in 
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diameter, and a jar having five square feet of coating should be 
employed. An assistant should work the pump, and the operator 
should occasionally try to pass the charge down ; when at a certain 
degree of exhaustion, it does so in a brilliant line of white light. 

Ex, 23. Fig. 90 represents an apparatus for showing the 
explosion of gunpowder by 
Electricity. It is generally 
made seven or eight inches 
long, and nearly the same 
height to the top of the roof; 
the side, and that half of the 
roof next tlie eye, are omitted in 
the figure, that the inside may 
be more conveniently seen. 

The sides, back, and* front of 
the house are joined to the 
bottom by hinges ; the roof is 
divided into tw'o parts, which 
are also fastened by hinges to the sides : .the building is kept together 
by a ridge fixed half way on one side of the roof, so that when the 
building is put together it holds it in its place. Within^ the house 
there is a brass tube IJ inch long, and f of an inch in diameter, 
screwed on to a pedestal of wood, which goes through about one- 
eighth of an inch, the other end by means of a chain has a communi- 
cation to the hook d ; at the other side of the tube, a piece of ivory, 
one inch long, is screwed, with a small hole for a wire to slide into. 

To use this apparatus, fill the brass tube a with gunpowder, and 
ram the wire h a small way into the ivory tube ; then connect the 
hook c with the bottom of a large jar, interposing a dish of w^ater 
as in Fig. 82 : charge the jar, and form a communication from the 
hook d to the knob ; discharge will take place, the gunpowder will 
explode, throwing asunder the' roof, upon which the sides, front, and 
back will fall down, without, however, undergoing any damage. The 
apparatus may be placed on the 
ground, or on a table out of doors, ^ 
communication being established 
with the Leyden phial within by 
means of insulated wires. 

Ex. 24s. Fig. 91 exhibits a piece 
of apparatus for showing in an 
amusing manner the power of the 
electric discharge to cause the ele- 
ments of water, viz., oxygen and 

K 2 



Fig. 90. 
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hydrogen, to enter into combination. The metallic wire which passes 
through the touch-hole of the small brass cannon is insulated from 
the metal by a hollow tube of ivory : this wire reaches nearly but not 
quite across the bore of the barrel. The cannon is charged in the 
following maimer: — the mixture of the oxygen and hydrogen gas 
being ready in a 4 or 6 oz. stoppered bottle, the cannon is filled with 
sand, and being held close to the mouth of the bottle, the stopper is 
removed, and the sand from the cannon entering, the gas at the same 
moment ascen^in^ occupies its place. The mouth of the cannon is 
closed by a cork, which is projected to a considerable distance by the 
force of the explosion. A single inspection of the figure wiU show 
the manner of passing the electric discharge. 

Ex, 25. The folmwing experiment is exceedingly beautiful, and 
highly interesting^ demonstrating the opposite electric states of a 
charged jar. Make the resinous cake of an electrophorus dry and 
warm : draw lines on it with the knob of a positively charged jar, and 
sift over these places a mixture of sulphur and red-lead ; on inclining 
the plate to allow the excess of the powder to fall off, every line 
marked by the knob of the jar will be observed covered with the 
sulphv/r, whilst the minium will be dispersed. On wiping the plate, 
and drawing figures with the outside of the jar, the sulphur w ill be 
dispersed, and the minium collected in a very elegant manner on the 
lines described by the outside of the jar. The rationale of this 
experiment is as follows : — the sulphur and red- lead, by the friction 
to which they have been exposed, are brought into opposite electrical 
states, the sulphur is rendered negative, and the red-lead positive, so 
that when the mixture is made to fall on surfaces possessing one or 
the other Electricity in a free state, the sulphur will be collected on 
the positive, and the minium on the negative portions of the plate, 
according to the well-known law of electric attraction. This experi- 
ment may be varied by tracing various lines at pleasure on a smooth 
plate of glass, with the knob of a jar, charged first with positive and 
then with negative Electricity : on gently dusting the surface with 
the mixture of sulphur and red-lead, a series of red and yellow outlines 
will be formed. This experiment is known as “ Lichtenberg’s figures.’ ’ 

The mechanical effects, and calorific phenomena accompanying the 
discharge of an electric battery, are exemplified in the following 
experiments. 

Ex, 2G. Between the boards of the press of the universal dis- 
charger (Fig. 75) lay a piece of stout plate-glass, and send a pow;erful 
charge through it, the glass will not only be broken into fragments, 
but a portion even reduced to an impalpable powder. 

Ex. 27. Lay a fine iron chain, about two feet long, upon a sheet 
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of white paper, and transmit a charge from six or eight square feet of 
coated surface through it : on removing the chain, its outline will be 
observed marked upon the paper with a deep stain at each link, 
indeed, if this charge is suflSiciently powerful, the paper is frequently 
burnt through. . ^ 

Uw. 28. Place a slip of tin-foil, or of gold leaf, between two pieces 
of paper, allowing the ends to project, and press the whole firmly 
together between the boards of the press of the universal discharger ; 
transmit the shock of a battery through it, the Aetg,ls will be com- 
pletely oxidized ; if gold leaf be the metal employed, the paper will 
be found stained of a deep purple hue. 

Ex. 29. If a piece of paper be laid on the table of the discharger, 
and a powerful shock directed through it, it will be torn in pieces. 

The electrical battery is exhibited in Pig. 76, m the arrangement 
for fusing metallic wires, and converting them into oxides, and in 
Eig. 74 a large jar is represented in the experiment of fusing fine 
iron wire, a wire being substituted in place of the chain at c. The 
best material for this purpose is the finest flattened steel, sold at the 
watchmakers’ tool shops, under the name of watch-pendulum wire. 
It does not require a large extent of coated surface merely to fuse 
metallic wires, provided they are sufficiently thin ; but to effect their 
oxidation, large batteries arc necessary. 

Fig. 92 represents a useful appa- Fig. 92. 


ratus for deflagrating metallic wires, | 

invented by Professor Hare. Two JI 

brass plates s s, are fixed in a pe- 

dcstal by a bolt N, about which ^ 

they have a circular motion. On 
one of the plates a glass column C is 

cemented, surmounted by a forceps jp r 

F ; at the corresponding plate there ^ 

is a brass rod H, furnished also with | ^ 

a forceps. Between this forceps and | 

that at F the wire through w'hich jpj HPc* 

the electric charge is to be sent is i W 

stretched; it may be of various I ^ ^ ^ W 

lengths, according to the angle 

which the plates « s make with each 

other. The bottom of the pedestal 

is in communication with the exterior coating of a jar or battery 
which is charged from the prime conductor B, and with which it is 
allowed to remain in communication. Now, it is obvious that in this 
case, touching the conductor is equivalent to touching the inner 
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coating of the battery. However, by causing one of the knobs of 
the discharger D to be in contact with the insulated forceps F, and 
approximating the other knob to the prime conductor, the charge 
will pass through the wire W. 

The oxides of metals produced by sendpg powerful electric dis- 
charges through fine wires, and which may be preserved by stretch- 
ing them about ^ of an inch above sheets of white paper, are 
exceedingly beautiful : the wires disappear with a brilliant flash, and 
the paper is fo^ind \narked as described below (from Singer’s Elec- 
tricity), though no description can convey an adequate idea of the 
beauty of the impressions. 

Diameter. Colour of the Oxides on paper. 


Gold wire 

TtV of 

an inch 

purple and brown. 

Silver 

tJit 


grey, brown, and green. 

Platinum 

TsTT 


grey and light brown. 

Copper 

Tiir 


green, yellow, and brown. 

Iron 

T-Jir 


light brown. 

Tin 

riv 


yellow and grey. 

Zinc 

riir 


dark brown. 

Lead 



brown and blue grey. 

Brass 

riff 

99 

purple and brown. 


Ex. 30. By the following experiment it will be proved that Elec- 
tricity exerts an agency directly the reverse of the above, viz., that of 
restoring to the metallic state oxide of tin. If a portion of this 
oxide be enclosed in a glass tube, and a 
succession of strong explosions directed 



through it, the glass will after a time be 
found stained with metallic tin; and ver- 
milion may be resolved into mercury and 
sulphur, by the charge of a moderate sized 
jar. 

Ex. 31. The equality of two Electricities 
disposed on the inner and outer surfaces of 
the Leyden jar was proved by Franklin’s 
experiment (Ex. 1). 

The following beautiful illustration by 
B/ichman ig ^iKewise full of instruction on 
this point. Let a plate of coated glass, S, 
be placed vertically on a stand, and let two 
pith-ball electroscopes, p n, be attached, to 
the coatings. Bring the coating P into 
contact with the prime conductor, the coat- 
ing N being in good conducting communica- 
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tion with the ground. As the charging proceeds the ball p will be 
repelled by the free Electricity of P, while the ball n retains its 
original position. On allowing the apparatus to remain undisturbed 
for some time, the free Electricity of P will be gradually dissipated, 
and the ball jp will drop into its original position. Now charge the 
plate again, and immediately cut off the communication between N 
and the ground. The ball^ will slowly descend towards P as before, 
but at the same time n will begin to rise, and by the time p has 
reached the position «, n will have risen to tht^an^le between the 
balls being about the same as at first. Both balls will then slowly 
sink till the charge is lost by dissipation. If during the descent of 
the balls we touch N, the ball n will suddenly sink, and p will as 
suddenly rise by an equal amount. On removing the finger from N, 
^ will fall and n will rise to nearly their former places, and the slow 
descent of both will again recommence. The same thing will happen 
if we touch P , — p will fall down close to the plate, and n will rise, 
and so on; and these alternate touchings of the coatings may be 
repeated a great many times before the plate is discharged. 

In order to understand this beautiful experiment it must be 
remembered that as Ibng as N is in communication with the ground 
it cannot retain any free Electricity, and, therefore, under these 
circumstances the ball n can never be repelled ; but as the free Elec- 
tricity on P is dissipated a corresponding portion of the opposite 
JElectricity must be liberated from N, and escape to the earth, and 
this action must go on till the entire charge is lost. But when hoth 
surfaces are insulated^ as the free Electricity of P is absorbed by the 
atmosphere, a corresponding quantity of the opposite Electricity is 
liberated as before from N ; but as it cannot now escape to the earth 
it becomes free Electricity, and repels the electroscope n. But this 
free Electricity becomes gi’adually absorbed by the air, and thus the 
entire charge is after a time dissipated. 

(167) The arrangement of Electricity on a charged surface is 
strikingly shown by the following experiment introduced by Earaday. 

A cylinder of gauze wire is placed on a plate of shell-lac ; over it, 
but not resting on the lac, is placed another similar but larger gauze 
cylinder. These cylinders correspond with the coatings of a Leyden 
jar, the glass of which is represented by the intervening dielectric air : 
a small charge of Electricity is conveyed from the prime conductor 
of an electrical machine to the inner cylinder by means of a brass 
baU suspended by a silk thread. On now touching the vmer coating 
of the irmer cylinder with a disc of gilt paper insulated by a stick of 
lac, and then examining its condition by the torsion Electrometer, it 
is found to be neutral ; but on passing the proof plane between the 
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two cylinders, and touching the outer coating of the inner one, it 
brings away a charge of positive Electricity. In like manner, on 
touching the outer coating of the outer cylinder no Electricity is 
obtained ; but from the inner coating a negative charge is transferred 
to the disc, which is rendered sensible by bringing the latter into 
contact with the electroscope. 

These are simple consequences of Ear^day’s theory of static in- 
duction, (78, et seq,) The same general principles may be illustrated 
with a common ^e^den phial, thus : let the jar (the outer coating of 
which is a little higher than the inner) be charged, and its ball and 
rod immediately removed by an insulating thread of white silk : now 
apply a carrier ball to either the inside or the outside coating ; no 
signs of Electricity w'ill be obtained, the two forces being entirelg 
engaged to each other by induction through the glass. Now insulate 
the jar, and restore the ball and rod. Under these circumstances 
induction will take' place through the air towards external objects, 
the tension of the polarized glass will fall, and the parts projecting 
above the jar will give electrical indications and charge the carrier ; 
at the skme time the outside coating wnll be found in the opposite 
electrical state, and inductric towards external surrounding objects, 
because a part of the force previously directed inwards W’ill now be 
at liberty. The charge upon an insulated conductor in the middle 
of a room is, according to Faraday’s views, in the same relation to 
the walls of that room as the charge upon the inner coating of a 
Leyden jar is to the outer coating of the same jar, one is not more 
free or dissimulated than the other ; and w'hen w e sometimes make 
Electricity appear where it was not evident before, as in the above 
experiment upon the outside of a charged jar, when after insulating it 
we touch the inner coating, it is only because we divert more or less 
of the inductive force from one direction into another, for not the 
slightest change is in such circumstances impressed upon the cha- 
racter or action of the force, and the terms, ^^free charge’''^ and 
dissimulated Electricity f convey therefore erroneous notions if 
they are meant to imply any difference as to the mode or kind of 
action (Ex. Eesear. 1682 — 1684). Harris entertains similar views : 

a coated jar, he says (JPhil. Trans. 1834), may be considered as a sort 
of compound conductor in which the controlling effect of the insu- 
lated coating in respect of the electrometer is greatly increased by 
its proxiijity to the other in a free state, hence a much greater 
quantity may be accumulated on a given extent of surface with the 
same intensity. “ The difference between electrical accumulation on 
coated glass and that on simple conductors is only in degree of 
effect, the laws incidental to the electrified substance remain the same.’^ 
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(168) Laws of electrical accumulation. These have been ini- 
nutelj and successfully studied by Harris, the results of whose 
investigations are given in the Transactions of the Plymouth Institu- 
tion, and in the Transactions of the Royal Society, 1834, 1836, 1839. 
The following is a brief resume of some of his conclusions : — 

1°. Precisely the same charge accumulates on a coated surface 
whether we suppose the opposite coating to be insulated and con- 
nected with one of the conductors of the Fig* 94. 

machine, or whether it be in a freely unin- 
sulated state, or whether it operate through 
an intervening jar. In order to measure 
the force and extent of electrical accu- 
mulations, he employed an instrument 
which he calls the Electro-Thermometer, 

Fig. 94. It consists of an air thermomci- 
ter through the bulb of which there is 
stretched, air tight, a fine platinum wire ; 
the bulb is screwed, also air tight, on a 
small open vessel containing a coloured 
liquid, and soldered at the extremity of a 
long bent glass tube, to which is adapted 
a graduated scale : the fluid is adjusted to 
the zero of the scale by a small screw 
valve at the top of the bulb. 

When an electrical accumulation is passed through the platinum 
wire it becomes more or less heated, expanding the air, and forcing 



the coloured fluid up the 
vertical tube, the height to 
w^hich it ascends being 
measured on the scale. The 
delicacy of this instrument 
depends on the size of the 
platinum wire, which for 
ordinary purposes may be 
from the ^i^oth to the ro^oth 
of an inch in diameter, and 
about 3 inches in length, 
corresponding with the dia- 
meter of the ball. The 
heigjit to which the fluid 
rises is as the square of 
the quantity of Electricity 
discharged. 


Fig.. 95 , 
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For transmitting the explosion through the wire the simple appa- 
ratus, shown in Fig. 95, was contrived, c is a brass ball supported 
on a rod of varnished glass passing through the mahogany ball/) 
supported on the glass pillar g. The ball c has a hole drilled verti- 
cally through its centre, so as to admit of the wire d, carrying at its 
lower end the discharging hall dy passing freely through it. The wire 
d has two or three small holes drilled in itrby w^hich it can be supported 
at a given height on the ball <?, by means of a pointed bent wire 
attached to a hjnge joint at riy and provided with an insulating handle. 
The ball c is in direct communication with the inside coating of the 
jar or battery, and the ball insulated on a stout pillar of glass, is 
connected in any required way with the outside coating. To effect 
the discharge the bent brass wire is liberated by a light touch of the 
glass handle, upon which the balls d and 1) come sharply into contact, 
transmitting the accumulation in a certain and invariable way without 
leaving any residuum in the battery. 

(169) A jar containing about five square feet of coated surface 
was chai’ged with four turns of the machine, and then dis- 
charged through the Thermo-Electrometer: the fluid rose nine 
degrees. The jar tv^as now placed on an insulating stand, and its 
external coating connected by a wdre with the internal coating of a 
second and precisely similar jar, uninsulated ami provided with a 
Lane’s discharging Electrometer (Fig. 73). The Electro-Thermo- 
meter w^as likewise included in the circuit. After four turns of the 
machine the second jar discharged, and the fluid rose as before nine 
degrees. The small residuum in the second jar being removed (the 
first jar retaining its charge), the machine was again put in jnotion; 
after four turns the discharge of the second jar again took place, and 
the fluid again rose nine degrees. When the second jar was much 
smaller than the first, the explosion look place at about each turn of 
the plate till the large insulated jar was fully charged ; and, as in 
both cases, the second jars were charged from the outer coating of 
the first, their explosions may be taken as fair measures of the 
relative quantities of Electricity communicated by the machine ; and 
as these explosions correspond to equal numbers of revolutions, it 
follows that the accumulation in the insulated jar must have pro- 
ceeded by equal increments, and consequently that equal quantities 
of Electricity were thrown on at each time. When several jars were 
substitu^d for the single jar, each being carefully insulated, the 
results were the same ; and when two equal and similar jars were 
insulated, and one connected with the positive and the other with 
the negative conductor, their outer coatings being joined by a 
metallic rod, the efiects of the accumulation in either system. 
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estimated as before at given intervals, were precisely similar, and 
corresponded to an equal number of turns of the plate, proving that 
the respective quantities which continued to accumulate in the 
opposite system after each discharge, must ha^ been also precisely 
similar. 

(170) !From these experiments it appears : 1®. That equal quanti- 
ties of Electricity are given off at each revolution of the plate to an 
uncharged surface^ or to a surface charged to any degree short of 
saturation. That a coated surface receives ecfiial quantities in 
equal times, and that the number of revolutions of the machine is a 
fair measure of the relative quantities of Electricity, all other things 
remaining the same. 3”. That the explosions of a second jar charged 
from the outer coatings of the first, are proportional to the quantity 
of Electricity thrown on the inner coating. The quantity of Electri- 
city may therefore be easily and correctly estimated by the number 
of explosions. 

(171) In accordance with these principles. Sir Wm. Harris con- 
structed his Unit Jar, a little apparatus wdiich he found of the 
greatest service to him in his subsequent investigations. It consists 
of a small jar, K, exposing about six square inches of coated surface. 


Fig. 9G. 



inverted on a brass rod fixed to the conductor of the marine, or 
otheBwise sustained on a separate insulation ; and the jar or battery 
to be charged is connected with its outer surface through the inter- 
vention of the brass ball 5, as seen in Eig. 97. In this arrange- 
ment Electricity is continually supplied to the jar, and the amount 
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of accumulation accurately measured by the number of charges which 
the unit jar has received, the charges being determinable by means 
of the discharging balls n n\ By increasing or diminishing the 
distance between the discharging balls, the value of the unit may be 
rendered as great or as small as we please. Hence, if the balls* be 
securely fixed, and the distance between their points of discharge 
accurately measured by means of a micrometer screw and index at S, 
comparative quantities may be always estimated and restored from 
time to time with a great degree of accuracy. {Phil, Trans, 1834, p 
217.) 

(172) Much difference of opinion has existed amongst electricians 
as to whether this instrument is. really a true measure of the 
quantity of Electricity thrown into a Leyden jar. The late Mr. 
Sturgeon (who w^as an excellent practical electrician), observes 
{Lectures on Electricity, p. 227) : “ After the first discharge has 
taken place, the resistance of the jar J (Eig. 97) against the 


Fig. 97. 



reception of fluid from the outside of the unit jar is increased, and 
the discharging intensity will be accomplished by a less quantity of 
fluid than at first ; and this second discharge of the unit jar throws a 
still less proportion of the diminished quantity into J than in the 
previous discharge ; and thus it is that each succeeding charge 
requires less and less fluid for the discharging intensity, and a 
corresponding dispropoi*tion enters the jar J. When the intensity 
of J becomes considerable, the unit jar will be nearly choked up,^ and 
incapable of receiving any but a very trifling quantity of fluid.” 
Although however it is doubtless true that at each successive dis- 
charge of the unit jar when measuring into a jar or battery, the 
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outside of the unit jar becomes more and more charged, it seems clear 
that its inner surface must be also proportionately more charged 
each time before the balls connected with the coatings can have the 
relations requisite for discharge brought on ; and in the discharge it 
is not the whole of the Electricity which passes, but just that portion 
which brings the inside and outside into equilibrium ; and this will 
be the same quantity for every discharge. The jar is therefore a 
true measure as long as the circumstances of position, &c., are not 
altered. On this subject Professor Faraday hasffavoured us with 
the following remarks, which we gladly insert, as *they seem to 
dispose satisfactorily of the whole question. After describing some 
experiments relating to the resistance or back action, he says : “ The 
same dilTerence will in every case exist between the balls n n\ Fig. 
96, when a spark is ready to pass. Thus, suppose the unit jar has 
about one tenth of the electric capacity of the large jar J, Fig. 97, 
and that being charged up to its discharging point, it contains ten of 
positive Electricity ; then these ten will pass on into the largo jar as 
a discharge spark, and none wull remain the unit jar. Now, 

the conductor of the machine, the outside of the unit jar, and the ball 
and wdre of the large jar, will all appear positive to a carrier ball. 
But when the machine is turned, although a rise in positive condition 
will gradually take place on all the surfaces, still the mutual relation 
of n and rC to each other will be the same as before^ and the mutual 
relation of the inner and outer coating of the unit jar will be to each 
other absolutely as before; for no external relation can alter their 
mutual relation, though it may affect the outer coatings, both of the 
large jar and of the unit jar. So the machine must exert a higher 
charging power than before, which is shown by placing an Electro- 
meter on its conductor ; and when ten units have been thrown into 
J , then, if after the eleventh the machine conductor be discharged, 
the jar J will be discharged back between n and n\ because of the 
re-action backwards. Still, whenever a spark does pass from n to n\ 
the Electricity passing must be equal ; because the inductive relations 
of the coatings to each other through the glass, and the like relations 
ot the balls n rC to each other, remain absolutely the same. This is, 
as I think, a rigid consequence of the principles of inductive action.” 

(173) The free action of an electrical accumulation is estimated 
by the interval it can break through, and is directly 'proportional to 
the quantity of Mectricity, ^Experiment: Two similar jars, each 
conjoining five square feet of surface, being connected together, and 
with a Lane’s discharging Electrometer (Fig. 73), the balls being set 
at TiVth of an inch apart, the discharge took place at the end of two 
and a half turns of the plate ; the interval being doubled, the dis- 



142 


STATIOAIi OE FEIOTIONAL ELBOTEIOITT. 


charge passed at the end of Jim turns ; the interval being trebled, at 
seven turns ; when the interval between the balls amounted to -A-ths 
of an inch, it required ten turns of the machine to produce a 
discharge. 

(174) But the free action is inversely proportional to the surface. 
JBlxperiment : One of the jars in the former experiment being re- 
moved, the balls being set at Aths of an inch, the discharge took 
place with jice turns of the plate ; the second jar being returned to 
its place, and the balls being se^at Aths of an inch, the discharge 
again took place with five turns ; and, on adding two more similar 
jars and setting the balls at Ath of an inch, or one quarter the first 
distance, the discharge still took place v^iihjive turns. 

(175) If howevcx' as the surface increases the Electricity increases 
also, in the sa/nie ratio, then the discharging interval remains the 
same; but if as Electricity is increased the surface is diminished, 
then the discharging interval is directly as the square of the quantity 
of Electricity. 

Experiment : The balls of the Electrometer being set at Aths of 
an inch, the discharge of a single jar took place with 21 turns; a 
second similar jar being added, the balls remaining as before, the dis- 
charge took place with^ve turns ; a third jar being added, with seven 
turns ; two similar jars being used, the interval remaining the same, 
the discharge took place at five turns ; but when one jar, i. e. half the 
surface was removed, and the balls set at -/bths of an inch, the dis- 
charge occurred at ten turns. If we represent the quantity of 
Electricity by Q, the interval by I, and tlie surface by S, we get tlie 
following equation, I = ^, from which we get Q = S I, and thus 
derive another means of estimating the relative quantity of Electri- 
city throvm upon a given surface, supposing the surface to be either 
in a divided or an undivided state, and all other things remaining the 
same.* 

(176) The want of a correct knowledge of these laws has occa- 
sioned some uncertainty in electrical inquiries. Thus, in describing 
some experiments with his steel yard Electrometer (Fig. 74), 
Cuthbertson assumed (Practical Electricity, p. 175, 178, 179, 180), 
that when the slider had been set to 16 and 30 so as to measure 
separate charges, the surface being constant, the corresponding 
accumulations were in the saute ratio, i. e. as 2 : 1 ; whereas, in 
order to obtain a double accumulation, the slider should be set to 60 
instead of 30, since the opposing forces should be to each other as 
4:1. It was assumed also by Singer (Elements of Electricity, 

* In relation to this subject, see also Harris’s experiments detailed in chap. ii. 
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p. 177), that the same quantity of Electricity will fuse the same 
length of wire, whether it be disposed on two jars or only on one, hut 
in the experiment on which he relies for the demonstration of this, 
when the two jars were connected together, the slider of the Electro- 
meter should have been set at 7^ grains instead of at 15 grains, 
because, as Harris has shown, when the same Electricity is disposed 
on a double surface, the intensity or free action is reduced to one- 
fourth ; by setting the slider therefore at, 15 grains. Singer nearly 
doubled the quantity of Electricity accumulated. • 

(177) When the same quantity of Electricity is dfsposed on the 
same extent of coated surface, divided into tvro or more equal parts, 
there is a gradual loss of power, till at last, when a given amount is 
disposed on a great number of jars, the effect on the wire of the 
Thermo-Electrometer becomes altogether insensible. Neither does 
the effect go on increasing in the same ratio with the quantity of 
Electricity and the number of jars; e. g. double the quantity of 
Electricity disposed on two jars does not produce four times the 
effect, as it would do if the Electricity in one jar only had been 
doubled, but only about two and a half times; the differences become 
more considerable as the number of jars is increased, till at length a 
limit appears to obtain, in which the advantage derived from an 
increased quantity becomes neutralized by the opposite effect, and 
the increased number of jars. 

(178) The method of estimating the quivntity of Electricity in jars 
and batteries by the fusion of wires as employed by the older 
electricians, and also to a great extent by Cuthbertson and Singer is 
very uncertain, since wires may become fused with but little difference 
in appearance when very different quantities are passed through 
them (Singer, p. 180) ; besides which, it is very difficult to ascertain 
with precision the point at ’which fusion takes place, so that the wire 
may be just made red hot through the whole length and then drop 
into balls (Cuthbertson, p. 180). The practice also of moistening the 
interior of jars by breathing into them, leads to great uncertainty in 
accurate experiments. It is in fact little more than an ingenious 
method of increasing the inner coating in such a way as to extend 
the surface, as to increase the quantity of Electricity, the attractive 
force of the free action remaining the same. The heating effects 
however of given quantities of Electricity discharged under the same 
conditions through a metallic wire are always the same, whatever 
may^have been its previous tension or intensity (145) relating to the 
conductors on which the accumulation has taken place ; e. g. a given 
quantity of Electricity accumulated on coated jars always produces 
the same effect on the wire of the Electro-Thermometer (Eig. 94), 
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whether accumulated on thick ghiss or on tffin, or on a greater or less 
extent of surface, the number of jars and the length of the circuit 
being the same. Harris found, however, that the effects of given 
quantities of Electricity discharged through the Electro-Thermometer 
varied with the resistance, being less with a long circuit than with a 
short one, and varying in an inverse ratio of the length. 

(179) By varying the striking distance between the balls of 
Lane’s Electrometer, no variation in the effects on the wire of the 
Thermometer ocoeirs, even when the striking interval is made very 
considerable by enclosing the balls in the receiver of an air pump and 
exhausting the air, so long as the quantity of Electricity remains the 
same. The effect of exhausting the air however is to facilitate the 
discharge, e. g. when the density of the air is diminished to one-half, 
the discharge occurs with one-half oi the quantity .accumulated ; that 
is, with one fourth of the intensity or free action, and the distance 
through which a given accumulation can discharge ls4n an inverse 
simple ratio of the density of the air ; e. g. in air of one-half the 
density, the discharge occurs at twice the distance ; in other words, 
the resistance of the air is as the square of the density directly. From 
this it would appear that in air highly rarefied, as in the upper 

egions of the atmosphere, no considerable electrical accumulations 
can take place; and one of the most beautiful experiments in 
Electricity is to pass discharges through long distances in rarefied 
air, by which exact imitatipiis of summer lightnings are produced. 

(180) The resistance to discharge in air (a non-conductor) is of a 
different nature to the resistance offered by conducting bodies ; in 
the former it arises solely from the pressure of non-conducting 
particles, and when the attractive forces are sufficiently great to 
overcome the resistance, the discharge passes without regard to 
distance. Harris found also that the restraining power of air is not 
affected by heat; the discharge between two balls in an air-tight 
receiver taking place, -with precisely the same quantity of accumu- 
lation at all temperatures between 50® and 300® Fah. The insulating 
power of air depends therefore solely on its density, and it would 
appear also that heat (if material) must be a non-conductor of 
Electricity, since it does not in the lea^ degree impair the insulating 
power of air. 

(181) The supposed conducting jpower of a vacuum is unphiloso- 
phicaJ, as a space free from all matter can scarcely be said to have 
any positive qualities whatever ; the reason an electrified body 
discharges to a conducting body in vacuo more readily than in air is, 
because there is less restraining power in consequence of non-con- 
ducting particles of air. The discharge does not however occur in 
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consequelice of any tendency of the electric principle to evaporate, 
but solely because of the removal of the obstructions interposed 
between the points from^ and toward which, the accumulated 
Electricity tends to flow, and if the density of air could be indejinitely 
diminished, and the distance between the points of action indejinitely 
increased, we should in all probability eventually have the same 
relative electrical state continued without dissipation. 

(182) Such are some of the important principles of electrical action, 
established by the researches of this able and indefatigable Elec- 
trician. A brief recapitulation of the results may be, in conclusion, 
useful. 

1®. An electrical accumulation proceeds by equal increments; a 
coated surface receiving equal quantities in equal times, all other 
tilings remaining the same, and the quantity of Electricity passing 
from the ou^r poating is always proportional to the quantity added 
to the inner. 

2®. The quantity of Electricity accumulated may be measured by 
the revolutions of the plate, or by the explosion of a jar connected 
with the outer coating. It is as the surface n^ltiplied by the interval 
the accumulation can pass. When the surface is constant, it is as 
the interval ; when the interval is constant, it is as the surface. It 
is also as the surface multiplied by the square root of the free action ; 
w hen therefore the surface is constant, it is as the square root of the 
attractive force. 

3". The interval which the accumulation can pass is directly pro- 
portional to the quantity of Electricity, and inversely proportional to 
the surface ; it is as the quantity divided by the surface. If the 
Electricity and surface be either increased or decreased in the same 
proportion, the interval remains the same. If as the Electricity is 
increased, the surface be decreased, the interval will be as the square 
of the quantity of Electricity. 

4®. The force of electrical attraction varies in the inverse ratio of 
the squares of the distance between the points of contact of the 
opposed conductors, supposing the surfaces to be plane and parallel : 
or otherwise, betw'een two points w hich fall w ithin the respective 
hemispheres, at a distance equal to one-fifth of the radius, supposing 
the opposing surfaces to be parallel. 

5®. The free action is in direct proportion to the square of the 
quantity of Electricity, and in inverse proportion to the square of the 
surface. It is directly as the effect of the explosion on a metallic 
wire, all other things remaining the same. If the Electricity and 
surface increase or decrease together, and in the same proportion, 
the attractive force remains the same. If as the Electricity is 

L 
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increased the surface is decreased, the attractive force is as fourth 
power of the quantity of Electricity. 

6®. The effect of an electrical explosion on a metallic wire depends 
exclusively on the quantity of Electricity^ and is not influenced by the 
intensity or free action ; it is diminished by accumulating the Elec- 
tricity on a divided surface ; it is as the square of the quantity of 
Electricity. It is as the square of the interval which the accumulation 
can pass ; it is directly as the attractive force and the free action, 
all other thiqgs remaining the same ; it is as the momentum with 
which the explosion pervades the metal. 

Fig. 98. (183) Specific inductive capacity . — It was 

with an apparatus constructed on the principles 
of the Leyden phial, that Faraday succeeded in 
proving by the most decisive experiments that 
induction has a particular relation to the different 
hinds of matter through which exerted. A 
section of this ingenious apparatus is shown in 
Fig. 98. a a are the two halves of a brass 
sphere, with an air-tight joint at ft, like that of 
the Magdeburgh hemispheres, made perfectly 
h flush and smooth inside, so as to present no 
irregularity ; c is a connecting piece, by which 
the apparatus is joined to a good stop-cock d, 
which is itself attached either to the metallic 
foot or to an air-pump. The aperture wuthin 
the hemisphere at f is very small ; y is a brass 
collar fitted to the upper hemisphere, through 
which the shell-lac support of the inner ball and 
its stem passes : h is the inner ball, also of brass ; 
it screws on to the brass stem r, terminating above by a brass ball 
B ; n is a mass of shell-lac, moulded carefully on to % and serving 
both to support and insulate it and its balls h B. The shell-lac stem 
I is fitted into the socket y by a little ordinary resinous cement more 
fusible than shell-lac applied at w, in such a way as to give sufficient 
strength and render the apparatus air-tight there, yet leave as much 
as possible of the lower part of the shell-lac stem untouched as an 
insulation between the ball h and the surrounding sphere a a. The 
ball h has a small aperture at n, so that when the apparatus is 
exhausted of one gas and filled with another, the ball h may also 
itself be exhausted and filled, that no variation of the gas in the 
interval o may occur during the course of an experiment. 

(184) The diameter of the inner ball is 2-33 inches, and that of the 
surrounding sphere 3‘57 inches. Hence the width of the intervening 
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spac^ tbrough which the induction is to take place is 0:62 of an inch . 
and the extent of this place or plate, i.e. the surface of a medium 
sphere, may be taken as 27 square inches, a quantity sufficiently 
large for the comparison of different substances. Great care was 
taken in finishing well the inducing surfaces of the ball h and sphere 
a a, and no varnish or lacquer was applied to them, or to any part of 
the metal of the apparatus. 

(185) When the instrument was well adjusted^ and the shell-lac 
perfectly sound, its retentive power was found supsrAr to that of 
Coulomb’s Electrometer, i. e, the proportion of loss of power was 
less. A simple view of its construction shows that the intervening 
dielectric or insulating medium may be charged at pleasure with 
either solids, liquids, or gases ; and that it is admirably adapted for 
investigating the specific inductive capacities of each. 

(186) Tw^ of these instruments, precisely similar in every respect, 
were constructed ; and the method of experimenting was (different 
insulating media being within) to charge one with a Leyden phial, 
then, after dividing the charge with the other, to observe what the 
ultimate conditions of each were. For a detailed account of tho 
method of manipulating, and the precautions necessary to obtain 
accurate results, w^e mu^t refer to the original paper of the author 
{Experimental Eesearches, Eleventh Series, 1187 et aeq^.) 

(187) The question to be solved may be stated thus : suppose a an 
electrified plate of metal suspended in the air, and h and c two exactly 
similar plates, placed parallel to and on each side of a at equal dis- 
tances and uninsulated ; a wdll then induce equally towards h and c. 
If in this position of the plates some other dielectric than air, as 
shell-lac, be introduced between a and c, will the induction between 
them remain the same ? Will the relation of c and i to a be unal- 
tered notwithstanding the difference of the dielectrics interposed 
between them ? {Exp. Besear. 1252.) 

(188) The first substance submitted to examination was shell-lac, 
as compared with air. For this purpose a thick hemispherical cap of 
shell-lac was introduced into the lower hemisphere of one of the 
inductive apparatus, so as nearly tp fill the lower half of the space 
between it and the lower ball. The charges were then divided (186), 
each apparatus being used in turn to receive the first charge before 
its division by the other ; and as it had previously been ascertained 
that both the instruments had equal inductive powder when air was in 
both, it was concluded that if any difference resulted from the intro- 
duction of the shell-lac, a peculiar action in that substance would be 
proved, and a case of specific inductive infiuence made out. 

(189) On making the experiment with all the care and attention 
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that could be bestowed, aa extraordinary and unexpected diffirence 
appeared, and the conclusion was drawn that the specific inductive 
capacity of shell-lac as compared with air is as 2 to 1. With glass a 
result came out, showing its capacity compared with air to be as 1*76 
to 1 ; and with sulphur a result showing its capacity to be as 2*24 to 
1. With this latter substance the result was considered by Faraday 
as unexceptionable, it being, when fused, perfectly clear, pellucid, and 
free from particles of dirt, and being moreover an excellent insulator. 

(190) Liqhi^s, such as oil of turpentine and naphtha, were next 
tried ; and though no good results could be obtained, on account of 
their conducting power, they were nevertheless considered by Fara- 
day as not inconsistent with the belief, that oil of turpentine, at least, 
has a specific inductive capacity greater than air. 

(191) Air was then tried, but no alteration of capacity could be 
detected on comparing together, rare and dense, hot and cold, or 
damp and dry : then all the gases were submitted to examination, 
being compared together in various ways, that no difterence might 
escape detection, and that the sameness of result might stand in full 
opposition to the contrast of property, composition, and condition, 
which the gases themselves presented; nevertheless not tlie least 
diflference in their capacity to favour or a(j.mit electrical induction 
through them could be perceived. 

(192) During the experiments with shell-lac (188), Faraday first 
observed the singular phenomenon of the return charge, lie found, 
that, if, after the apparatus had been charged for some time, it was 
suddenly and perfectly discharged, even the stem having all Electri- 
city removed from it, it gradually recovered a charge which in nine 
or ten minutes would rise up to 50® or 60®. Ho charged the appa- 
ratus with the hemispherical cap of shell-lac in it, for about forty -five 
minutes, to above 600° with positive Electricity at the balls h and 
B, Fig. 98, above and within. It was then discharged, opened, the 
shell-lac taken out, and its state examined by bringing the carrier 
ball of Coulomb’s Electrometer near it, uninsulating the ball, 
insulating it, and then observing what charge it had acquired. At 
first the lac appeared quite free from any charge, but gradually its 
two surfaces assumed opposite states of Electricity, the concave sur- 
face, which had been next the inner and positive ball, assuming a 
positive state ; anil the convex surface which had been in contact 
with the negative coating, acquiring a negative state ; these states 
gradually increasing* in intensity for some time. 

(193) Glass, spermaceti, and sulphur, were next tried, all of them 
exhibited the peculiar state after discharge. Faraday also sought to 
produce it without induction, and with one electric power, but failed 
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in doing so ; a fact in favour of the inseparability of the two electric 
forces, and an argument in favour of the dependence of induction 
upon a polarity of the particles of matter. 

(194) Faraday was at first inclined to refer these effects to a 
peculiar masked condition of a certain portion of the forces, but he 
afterwards traced them to the known principles of electrical action. 
He took two plates of spermaceti and put them together, so as to 
form a compound plate, the opposite sides of which were coated with 
metal. The system was charged, then discharged, ^insulated, and 
examined, and found to give no indication to the carrier ball : the 
plates were then separated, when the metallic linings were found in 
opposite electrical states. Hence, it is clear that an actual penetra- 
tion of the charge to some distance within the dielectric, at each of 
its two surfaces, took place by conduction : so that, to use the ordi- 
nary phrase, the electric forces sustaining the induction are not 
upon the metallic surfaces only, but upon and within the dielectric; 
also extending to a greater or smaller depth from the metal linings. 

(195) The following explanation may be offered : — Let a plate of 
shell-lac, six inches square, and half an inch thick, or a similar plate 
of spermaceti, an inch thick, coated on the sides with tin-foil, as in 
the Leyden phial, be charged in the usual manner, one side posi- 
tively and the other negatively. After the lapse of ten minutes, or 
quarter of an hour, let the plate be discharged and immediately 
examined ; no Electricity will appear on either surface, but in a short 
time, upon a second examination, they will appear charged in the 
same way, though not in the same degree as they were at first. 
Now, it may be supposed, that under the coercing influence of all 
the forces concerned, a portion of the positive and negative forces 
has penetrated and taken up a position w’ithin the dielectric, and 
that consequently, being nearer to each other, the induction of the 
forces towards each other will be much greater^ and that, in an 
external direction, than when separated by the whole thickness 
of the dielectric ; when, however all external induction is neutralized 
by the discharge, the forces by which the electric charge was driven 
into the dielectric are at the same time removed, and the penetrated 
Electricity returns slowly to the exterior metallic coatings, constitut- 
ing the observed re-charge. According to Faraday, it is the assump- 
tion for a time, of this charged state of the glass, between the coat- 
ings of the Leyden jar, which gives origin to a well-known phenome- 
non^ usually referred to the diffusion of Electricity over the uncoated 
portion of the glass, namely, the residual charge. After a large 
battery has been charged for some time, and then discharged, it is 
tound that it will spontaneously recover its charge to a very consi- 
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derable extent, and by far the largest portion of this is referred to 
the return of Electricity in the manner described. 

(196) The relation of induction to the matter through which it is 
exerted, is well shown as a class experiment, by the following appa- 
ratus. Three equal discs of brass are arranged parallel, and at equal 
distances from each other : the two exteriors are in communication 
with the ground, the third which is between them is insulated ; a 
small single leaf Electroscope is suspended equidistant between two 
brass balls, eacji of which communicates separately with one of the 
exterior discs. The middle dipc is charged with a certain quantity of 
Electricity, and the connection of the two exterior discs with the 
ground is cut off. If the gold leaf is exactly equidistant between the 
two balls (which is absolutely essential to the success of the experi- 
ment), it will remain at rest, being equally ^tracted by each of the 
balls, which, being in communication with the exterior discs, are 
equally electrized by induction. As thus arranged, the insulating 
stratum that separates the three discs is air ; hut if for one of these 
strata one of shell-lac, glass, sulphur, or any other insulator be sub- 
stituted, the gold leaf inohnediately diverges, showing that the indu- 
cing action of the electrized body upon the disc, from which it is 
separated by the new insulating body, has become greater. This 
simple method of demonstrating Earaday’s great discovery originated 
with Matteucci. {Elect, Mag. vol. ii. p. 186.) 

Some of Matteucci’ 8 later experiments gave him results which 
induced him to doubt the accuracy of the explanation, given by 
Earaday, of the part played by insulating bodies in the phenomena of 
induction of static Electricity. He affirms that the insulating power 
of a bod)'^, consists in the greater or less resistance opposed by bodies 
to the destruction of that molecular polarization, which is always 
developed in it during the presence of an electric body ; that the 
differences in insulating plates of different substances are not due to 
a specific inductive power, but to differences in the propagation of 
Electricity, either at the surface, or in the interior, of the bodies, and 
that the Electricity which penetrates into their interiors and which 
is diffused over their surfaces, returns on the instant to the surface, 
when it is covered with a metal plate in communication with the 
ground. The experiments on which he founds these opinions are 
certainly striking ones. He introduced insulating plates of different 
substances by means of insulating stems into the case of a Cou- 
lomb’s balance having its two electrized balls divergent, and he found 
that theball experienced the same loss of Electricity, whether touched by 
gum-lac, or sulphur, or by glass covered with a coat of gum-lac varnish 
T Jv of an inch thick ; and by constructing a kind of box of mica, the 
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interior surface of which was covered with lac varnish, he compared 
together air, sulphur, glass, and gum-lac, and found the effects the 
same in each. 

(197) Lateral discharge , — When a large jar or battery is discharged 
by a metallic wire held in the hand, without the protection of an 
insulating handle, a slight shock is frequently felt in the hand that 
grasps the wire ; and if a large jar be placed on a table, with its knob 
in contact with the prime conductor, and if a chain be stretched 
upon the table, with one end nearly touching the outside coating of 
the jar, by charging the apparatus till it discharges itsblf voluntarily, 
a spark is seen to pass between each link of the chain, which thus 
becomes illuminated, though it forms no part of the circuit. 

This spark is called the lateral discharge; it is occasioned by a 
small excess of free Electricity, which distributes itself over a dis- 
charging surface, when a charged system is discharged or neutralized. 
It arises from the fact, satisfactorily established by Harris, and 
acknowledged by Biot, Henry, and others, that the accumulated 
Electricity is never exactly balanced between the opposed coatings ; 
so that there will always be an excess of positive or negative Electri- 
city over the neutralizing quantities themselves, disposed on the 
coatings of the jar. The existence of this excess of Electricity, 
either positive or negative, is proved by the fact, that if we charge a 
jar, allow it to remain insulated, and discharge it gradually, by draw- 
ing sparks from the knob, and adding them to the outer coating, we 
can always take a finite spark from either side alternately, whilst the 
jar rests on the insulator. 

If we place a charged jar upon an insulating stand, and discharge 
it in the usual manner, with a discharging rod, the excess of free 
Electricity exhibits itself in the form of a spark, at the moment of 
discharge betw'een any body connected with the outer coating, and 
another in communication with [the earth : the intensity of the spark 
depends on the capacity of the jar, being less wdth a large jar, and 
greater with a small one ; the quantity of Electricity discharged being 
the same (Harris). After the discharge, the knob, outer coating, 
and all bodies connected with the jar, are found in the same electri- 
cal state, which we may make either positive or negative, by taking 
a spark either from the knob or coating, previously to discharging 
the jar. 

This small quantity of free Electricity may be obtained even when 
the, jar is connected with the earth, provided we seize it before the 
conductors have time to carry off the residuary accumulation; it 
having been proved by Professor Wheatstone, that some portion of 
time elapses in the passage of Electricity through wires : the effect, 



152 


STATICA.L OB TBIOTIONAL ELECTRICITY. 


however, is greatest when the jar and its appendages are quite 
insulated. 

(198) The following experiments convey a good deal of information 
respecting the nature of the so-called lateral discha/rge, 

ijx, 1. Let the jar J. (Fig. 97), be charged positively, removed 
from the machine and insulated ; under this condition discharge it. 
When discharged, let the electrical state of the knob m, discharging 
conductor e C, and the outer coating J, be examined ; they will all be 
found in the same electrical state, which state will be precisely that 
exhibited by th*e outer coating and knob, whilst chargii^, and the 
small residuary charge will be plus. 

Ex. 2. Charge the jar as before ; but before discharging it withdraw 
the free Electricity from the knob. The electrical state of the coating 
and appendages will now be changed, and the small residuary spark 
will be minus — thus showing that the Electricity of the spark yaries 
with the coatings. 

Ex. 3. Immediately after the discharge, apply a metallic body to 
the coating J ; ^ residuary spark will be thrown off, which spark 
obviously cannot be caused by any lateral explosion caused by the dis- 
charging rod. 

Ex. 4. After this residuary spark has been taken from the outer 
coating, examine the jar, and it will be found again slightly charged 
us at first, showing the spark to be merely a residuary accumulation. 

Ex. 5. Charge a jar, exposing about two square feet of coating, 
with a given quantity of Electricity, measured by the unit jar u, 
let a conducting rod terminating in a ball r project from the outer 
coating, and place near it the electroscope E. Discharge the jar 
through the rod c c as before, and observe the amount of divergence 
of the electroscope. Double the capacity of the jar, and again accumu- 
late and discharge the same quantity. The divergence of the electro- 
scope will be very considerably decreased ; add a second and a tliird 
jar to the former, and the effect will be at last scarcely perceptible : 
connect the jar with the ground, and with a given quantity the spark 
will vanish altogether. 

Ex. 6. Accumulate a given quantity as before, and obsen^e the 
effect of the residuary charge on the electroscope. Let a double, 
treble, &c., quantity be accumulated and discharged from a double, 
treble, &c., extent of surface — that is to say, for a double quantity 
employ two similar jars and so on ; the effect will remain the same. 

These two last experiments prove that the spark is of different 
degrees of force when the Electricity is discharged from a greater or 
leas extent of surface, whilst double, treble, &c., quantities, when 
discharged from double, treble, &c., surfaces, give the same spark. 
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Now, as no one can doubt but that tlie effect of a double, &c., quan- 
tity should be greater than a single, &c., quantity, it is again evident 
that the spark is not caused by any lateral explosion from the dis- 
charging rod, it being a well-established law that the same quantity 
has the same heating effect on wires, whether discharged from a great 
surface or a small one, from thick glass or thin ; some little allowance 
being made for the greater number of rods, <fec., when the surface is 
increased by an additional mumber of jars. The effect, therefore, 
depends on the jar. 

Ex. 7. Discharge a jar by means of discharging circuits of dif- 
ferent dimensions, from a large rod down to a fine wire, which the 
charge in passing can make red-hot. Observe the effect on the elec- 
troscope in each case : it will be found nearly the same, being rather 
less where the tension in the discharging wdre is very considerable — 
proving that the tension on the rod is not of any consequence. 

Ex. 8. Connect the jar with the ground, and place a small quantity 
of percussion powder enclosed in thin paper between the discharging 
conductor c, Fig. 97, and a metallic mass placed near it. The powder 
will not be inflamed even in the case of the discharging conductor 
becoming red-hot, whereas in passing the slightest spark it inflames 
directly, which shows that no kind of lateral action arises during the 
passage of the charge. 

Ex. 9. Let a circular piece of wood between two and three feet in 
diameter be covered with tin-foil, placed on a stool, and connected 
with the earth as shown in pig 99^ 

Fig. 99. Let sparks be 
now taken between the 
prime conductor and the 
ball a. Lateral sparks may 
always be obtained from 
the wire whenever a con- 
ductor is approached to it. 

By connecting a stout cop- 
per wire with the gas fit- 
tings of the house, insu- 
lating it on glass rods at 
diftbrent parts of the room, and drawing sparks from the prime 
conductor of the large Polytechnic machine by means of a brass 
ball five inches in diameter attached to the other end of the 
wirq, and held in an assistant’s hand by means of a glass rod, Mr. 
Walker obtained sparks not only from the gas fittings of the room in 
which the experiments were made, but also from the burners in the 
workshops two stories below. It does not, however, require a machine 
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of very great power to exhibit such phenomena ; we have frequently 
inflamed hydrogen gas from a jet attached to a bladder by directing 
the stream against a gas pipe in a room adjoining one in which sparks 
were being drawn from the conductor of a machine the plate of which 
is 30 inches in diameter.. 

jEx. 10. The following instructive experiment was arranged by 
Dr. Bachhofiner. 

^ Fig 100. • On a deal board, about 

two feet square, were past- 
ed slips of tin-foil a h c, 
Fig. 100. Sparks were 
passed from the machine 
upon a, from which they 
discharged themselves at d, 
to the conductor c, and 
passed along it to B ; but 
under no circumstances 
would they pass the spaces 
X X X, on which was placed 
percussion powder. The 
wire B was now removed to the position 'B, connecting it with a 
good discharging train, and the experimenter took in his hand the 
wire C, connected with the same pipes, and in the same direction 
sparks w’ere passed as before at d, and by applying the wdre C to any 
part of the slips of tin-foil, he was enabled to draw off sparks ; but 
when the wire C was placed in a position similar to that represented 
by D, touching the tin-foil h at c, the sparks ceased to appear. 

JEx. 11. Let a long brass rod, terminating in the ball A, Fig. 101, 
be connected with the prime conductor of a large machine in vigorous 



Fig. 101. 



action; let a corresponding ball B 
be mounted on a similar rod, and 
screwed into a small brass plate 
fixed to the floor of the room. Let 
the stout wire h connect the plate 
with a good discharging train, w hile 
a smaller brass rod c, terminating in a 
brass ball is connected with the same 
discharging train by the stout wire 
c. Put the machine in action, and 
allow a series of long and vivid 
sparks to pass between A and B. 
As long as the rod c rests on the 
brass plate, no sparks wdll occur 
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between it and the rod B ; but wheb c is moved into the position 
represented in the figure, that is, when its lower end is made to rest 
on the floor of the room, long and bright sparks will pass in abun- 
dance from the rod B, and this whether the wire #be or be not 
attached to the smaller rod. Here the reason why sparks are not 
obtained between B and C, while the latter rests on the brass plate, 
is because the resistance in the direction B 5 is less than in the 
direction B C <?, and sparks are obtained when the rod c does not 
touch the brass plate because the resistance in the direction B C c is 
less than in the direction B ft. 

(199) The lateral discharges thrown off by a wire leading from a 
ball in the act of receiving dense sparks from an electrical machine, 
result from the inductive action of the Electricity accumulated on 
the conductor upon the vicinal conducting substances, which com- 
pleting the terminating surfaces of a charged system, determines the 
charging of the stratum of air between them, and sparks will con- 
sequently strike off from the wire to these free conducting bodies as 
long as sparks continue to pass between the two conductors. If the 
wire from which these lateral explosions proceed be connected 
directly with the machine, the phenomena disappear ; because the 
accumulation on the conductor is prevented from reaching any great 
intensity ; it is necessary therefore to employ disruptive discharges 
between opposed conductors, and the larger the surface of the charged 
conductor the greater is the effect produced. 

(2QP) By the following instructive experiments it has been proved 
by Harris, that an electrical explosion will not leave a good conductor 
constituting an cflicient line of action, to fall upon bodies out of that 
line : — 

Lay some small pieces of gold-leaf on a piece of paper, as repre- 
sented in Eig. 102, pass a dense shock of Electricity (from not less 
than eight square feet of coating) over these, from the commence- 
ment at A to the termination at B, so as to destroy the gold : the 
line which the discharge has taken will be thus shown by the black- 
ened parts, and the result will be as in Eig. 102, which is copied from 
the actual effects of the electrical discharge. By the result of the 
explosion represented in Eig. 103, it is shown that the portions of the 
conductor below the striking parts are out of the line of discharge, 
and not involved in the result. 

(201) In Eig. 102 it is particularly worthy of remark, that not only 
are the pieces 5, G, 14, 15, 18, 19, 22, 23, untouched, being from 
theii^ positions of no use in facilitating the progress of the charge, 
but even portions of other pieces which have so operated are left 
perfect, as 2, 3, 8, 9, 10, &c. ; so little is there any tendency to a 
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Fig. 102. • Fig. 103. 



lateral discharge even up to the point of dispersion of the metallic 
circuit in which the charge has proceeded : indeed, as Harris observes, 
so completely is the effect confined to the line of least resistance, 
that percussion powder may be placed with impunity in the interval 
between the portions 4, 5, and he contends that the separate pieces 
of gold leaf thus placed may be taken to represent detached conduct- 
ing masses fortuitously placed along the mast and hull of a ship? 
and that therefore any fear that a conductor on a ship’s mast w’ould 
operate on the magazine is quite unwarranted. 

(202) Physiological effects. — The sensation experienced, when the 
body is made a part of the electrical circuit, is now so universally 
known, that a description here would be superfluous. The exagge- 
rated accounts of their feelings, on the first transmission of a* dis- 
charge through the bodies of the first experimentalists, was alluded 
to in the first chapter. It is not, however, easy to explain the cause 
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of the muscular contraction that is experienced. The involuntary 
action may be produced by the concussion of a material agent (?) 
passing through the body, by an influence on the nervous system, or 
by a sudden disturbance of the electric* equilibrium ; and the dull 
pain at the joints is probably to be traced to the resistance which the 
force experiences in passing from one bone to another. 

(203) It is stated by Mr. Morgan, that, if a strong shock be passed 
through the diaphragm, the sudden contraction of the muscles of re- 
spiration will act so violently on the air of the lungs, as to occasion a 
loud and involuntary shout ; but that a small charge occasions in the 
gravest person a violent fit of laughter : persons of great nervous sen- 
sibility are affected much more readily than others. 

A small charge sent through the spine instantly deprives the 
person for a moment of all muscular power, and he generally falls to 
the ground. If the charge be very powerful, instant death is occa- 
sioned. Mr. Singer states that a charge passed through the head 
gave him tlie sensation of a violent and universal blow, which was 
followed by transient loss of memory and indistinctness of vision. A 
small charge sent through the head of a bird will so far derange the 
optic nerve as to produce permanent blindness ; and a coated surface 
of thirty square inches of glass will exhaust the whole nervous system 
to such a degree as to cause immediate death. Animals the most 
tenacious of life are destroyed by energetic shocks passed through 
the body. Van Marum found that ^els are irrecoverably deprived of 
life when a shock is sent through their whole body : wdien only a 
part of the body is included in the circuit, the destruction is confined 
to that individual part, w'hile the rest retains the power of motion. 

The bodies of animals killed by lightning are found to undergo 
rapid putrefaction ; and it is a remarkable circumstance, that after 
death the blood does not coagulate. Some remarkable cases of 
electrical excitement are related by lioomis (^Ajmerican JouTual of 
Science, 1850, p. 320), as having been observed in several houses in 
New York, when individuals received shocks on touching the handles 
of the doors, and other metallic bodies, and even on shaking hands, 
and kissing, and he arrived at the conclusion after a careful examina- 
tion, that the Electricity was excited by the friction of the shoes of 
the inmates, upon the carpets of the house, which were entirely of 
wool and of close texture. 

(204) When the Leyden phial was first discovered, it was imagined 
that»an agent of almost unlimited medical power w’as raised, and it 
was applied indiscriminately for the most opposite diseases. The 
failure consequent on such quackery brought Electricity into disre- 
pute, and tor a long time it -waa^ discarded almost entirely from our 
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hospitals. It is now again more generally employed, and has been 
found of great service in many cases, such as palsy, contrac- 
tions of the limbs, rheumatism, St. Vitus’s dance, some kinds of 
deafness, and impaired vision. It is administered in five different 
ways : — 1st, under the form of a gentle stream or aura, from a pointed 
piece of wood provided with an insulating handle, and communicat- 
ing with the prime conductor : by this means it may be directed to 
parts of great sensibility, as the eye. 2nd, by causing the part to be 
operated upon to draw sparks from the prime conductor ; or placing 
the patient on a stool with glass legs, by drawing sparks from him 
with a metallic ball. 3rd, by the transmission of shocks, which is 
the most severe and painful, and which requires great caution. 4th, 
by galvanism. And 5th, by electro-magnetism and magneto-electri- 
city, both of which latter methods will be described in future chapters. 

(205) There can be no doubt that Electricity is very materially 
concerned in the economy both of animal and vegetable life, but we 
possess no precise information on the subject. It is not improbable 
that it may have something to do with the rise of sap, from the fact 
that Electricity always increases the velocity of a fluid moving in a 
capillary tube. On vegetables strong shocks have the same effects as 
on animals, namely, produce death: a very slight charge is sufficient 
to kill a balsam. It may further be observed that living vegetables 
are the most powerful conductors with which we are acquainted. 
Mr. Weekes found tliat a coated jar, having 46 inches of metallic 
surface, was repeatedly discharged by the activity of a vegetable 
point, in 4 min. 6 sec.; while the same jar, charged to the same 
degree, required 11 min. 6 sec. to free it from its electric contents 
by means of a metallic point : the points in both cases being equi- 
distant. The same gentleman also found that the gold-leaf electro- 
scope is powerfully affected by a jar at the distance of nearly seven 
feet, when the cap of the instrument is furnished with a branch of 
the shrub called butcher's broom ; though the same instrument, when 
mounted with pointed metallic wires, is not perceptibly afiected until 
the charged jar approaches to within two feet of the cap. 

If a blade of grass and a needle be held pointing towards the prime 
conductor of a machine, while the person holding them recedes from 
the instrument, a small luminous point wdll appear on the apex of the 
grass long after it has vanished from the apex of the needle. 

(206) The following experiment was made by Pouillet, who drew 
from it the conclusion that a considerable portion of the Electricity 
with which the atmosphere is loaded is derived from the gaseous 
fluids given out by plants during the process of vegetation. But it 
is right to mention that the experiments of Sir H. Davy (Thil, Tram, 
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for 1826, p. 898) are rather inconsistent with that of the Trench 
electrician. 

M. Pouillet arranged in two rows beside each other, on a table 
varnished with gum-lac, twelve glass capsules, each about eight inches 
in diameter, coated externally for two inches round the lips with a 
film of lac varnish : they were filled with vegetable mould, and were 
made to communicate with each other by metallic wires, which passed 
from the inside of one to the inside in the next, going over the edges 
of the capsules. Thus the inside of the twelve capsules and the soil 
which they contained formed only a single conducting body. One 
of these capsules was placed in communication with the upper plate 
of a condenser by means of a brass wire ; w^hile at the same time the 
under plate was in communication with the ground. 

Things being in this situation, and the weather very dry, a quantity 
of corn was sown in the soil contained in the capsules, and the effects 
were watched. The laboratory w'as carefully shut, and neither fire, 
nor light, nor any electrified body, was introduced into it. During 
the first two days, the grains swelled, and the plumulsB issued out 
about the lengtli of a line, bi^ did not make their appearance above 
the surface of the earth. But on the third day the blades appeared 
above the surface, and began to incline towards the window, which was 
not provided with shutters. The condenser was now charged with 
'positive Electricity ; consequently, the carbonic acid gas which dis- 
engages itself during the germination of the seed is charged with 
positive Electricity, and is therefore precisely in the same state as 
the carbonic acid formed by combustion. This experiment was 
repeated several times with success. But the Electricity cannot be 
recognised unless the weather is exceedingly dry, or unless the apart- 
ment is artificially dried by introducing substances which have the 
property of absorbing moisture. 

These capsules being insulated, and the air being very diy, and the 
soil so dry that it is an imperfect conductor, it is evident that the 
Electricity would be retained. Accordingly, when the condenser 
was brbught into a natural state after one observation, and then 
re-placed for experiment, during one second only, it was found to be 
charged with Electricity. 

(207) Mr. Pine, of Maidstone, describes the following experiment,* 
made to determine the infiuences of Electricity on germination : — A 
few grains of mustard seed were sown in similar soils contained in 
Leyden jars, electrified positively and negatively. In four days the 
plants issued from the soils in both jars; but those in the* negative 
jars were most advanced. Plants under ordinary circuA stances did 
♦ Proceedings of the Electrical Society, Part III. p. 163. 
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not appear till about two days later. In fourteen days from tbe time 
of sowing, the plants in the negative jar had grown to 2f inches, 
those in the positive jar to 2i inches, and those in the ordinary state 
to li inches. The jars in these experiments were uninsulated, for the 
purpose of allowing a slight current of fluid to pass through the 
plants. 

The fallowing experiment was made by Mr. Weekes; — In two 
small flower-pots, filled with rich mould, a few grains of mustard-seed 
were sown ; both were kept gently watered, but one pot was insulated 
and frequently electrified under circumstances •which kept it, as it 
were, in an electrified atmosphere. The other pot was not interfered 
with, and the result was, that the vegetation of the electrified seeds 
appeared several days before the others, and continued afterwards to 
grow with a much greater degree of vigour. The Electricity employed 
was derived from a galvanic arrangement of thirty pairs of plates, 
charged with salt water. 

(208) It will be proper to mention, however, that the experiments 
undertaken by the author have failed to show any advantage in favour 
of electrified soil. Amongst them w^e the following: — Three small 
metallic cups were filled with fine vegetable mould, and in each a few 
seeds of mustard were sown. The soil in each was uniformly 
moistened wdth water. Two of the cups were insulated and kept 
constantly electrified by two batteries of twenty pairs of 5-inch 
plates, charged with pump-water, the current being made to pass 
down’ the soil in one cup, and u/? the soil in the other. Tlie tflird 
cup w’as unelectrified. On the third day, the unclecArified seeds had 
germinated, and appeared above the surface of the mould. On the 
morning of the fourth day, the young plants were fully developed ; 
but in the seeds in the electrified cups, germination had only just 
commenced. In this experiment, therefore, Electricity, instead of 
favouring, appeared actually to retard germination. 

Three small garden-pots were then filled with the same soil, and 
mustard seed being sown in each, they were placed side by side in 
glass basins containing a little ’w-ater. Tw'o of them were then kept 
electrified by the same batteries as before, the wdres passing about 
half an inch into the soil at the surface, and through the holes at the 
bottom of the pots. On the morning of the third day, germination 
had commenced in all the pots : on the fourth day, the young plants 
were all out of ground : at the end of a w^ek they w^ere fully 
developed, but there was not the slightest advantage in favouj* of 
those which had been raised under the influence of Electricity. The 
attention oT the author was subsequently again called to this subject 
by the extraordinary efiects reported to have resulted from the 
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application of Electricity to the soil, and from his having been 
solicited to take a part in the formation of an JElectro- cultural Society; 
his experiments were repeated and varied in many ways, but with the 
same uniformly negative results as before. He feels bound to state 
his conviction, that we have no substantial grounds for believing that 
this agent, artificially supplied, has ever exercised the slightest 
influence in promoting vegetation, and that in some cases where 
it has been supposed to do so, other and unrecognized causes have 
concurred in bringing about the observed results. 

(209) Chemical effects. — Dr. Priestley flirst investigated the chemi- 
cal eflects of ordinary Electricity, by passing a succession of shocks 
through a small quantity of water tinged blue by litmus : the liquid 
in a short time acquired a red tinge, while the air confined in the 
tube suffered evident diminution ; an acid had been formed by the 
chemical union of the elements of atmospheric air, viz. oxygen and 
nitrogen. It was Mr. Cavendish, however, that first explained this 
experiment of Priestley. (See Fhil. Trans, for 1784.) 

(210) When a succession of discharges is sent through water, a 
decomposition of that fluid takes pjace, the elements of which assume 
the gaseous form. This fact was discovered in 1789, by Messrs 
Dieman, Paetz, and Van Troostwyck, associated with Mr. Cuthbert- 
son. For the experiment they employed a glass tube a foot long, 
and one-eighth of an inch in diameter, through one end of which a 
gold wire was inserted, projecting about an iiich and a half within 
the tube ; that end was then hermetically sealed. Another wire was 
introduced at the other end of the tube, which was left open, and 
I)a8sed upwards, so that its extremity came to. a distance of five- 
eighths of an inch from the end of the first wire. The tube was 
then filled with distilled water, from which the air had been extracted 
by the air-pump, and inverted in a vessel containing mercury. A 
little common air was let into the top of the tube, in order to prevent 
its being broken by the discharge. Electrical shocks were then 
passed between the two ends of the wires through the water in the 
tube by means of a Leyden jar, which had a square foot of coated 
surface. This jar was charged* by. a very powerful double plate 
machine, which caused it to discharge twenty-five times in fifteen 
revolutions. At each explosion bubbles of gas rose to the top of the 
tube ; and when sufficient water had been displaced to lay bare the 
wires, the next shock kindled the gases and caused their re-union. 
Thu^ decomposition and recomposition were effected by the same 
agent. In the latter case, however, it may be supposed to have acted 
mechanically, or by the heat evolved in its passage through a badly 
conducting aeriform fluid. 
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(211) In 1801, Dr. Wollaston published in the Philosophical 
Transactions a description of a method of analyzing water by the 
transmission of sparks instead of shocks. He considered that the 
decomposition must depend upon duly proportioning the strength of 
the charge of Electricity to the quantity of water, and that the 
quantity exposed to its action at the surface of communication 
depends on the extent of that surface, he therefore expected that by 
reducing the surface of communication the decomposition might be 
effected by smaller machines and with less powerful excitation than 
were usually considered necessary for the purpose. “ Having,” he 
says, procured a small wire of fine gold, and given to it as fine a 
point as I could, I inserted it into a capillary glass tube ; and after 
heating the tube, so as to ipake it adhere to the point and cover it at 
every part, I gradually ground it down till with a pocket lens I could 
discern that the point of gold was disclosed. I coated several wires 
in this manner, and found that when sparks from a conductor were 
made to pass through water by means of a point so guarded, a spark 
passing to the distance of one-eighth of an inch would decompose 
water, when the point did not exceed y-J-g- of an inch in diameter. 
With another point, which I estimated at a succession of sparks 
one-twentieth of an inch in length afforded a current of small bubbles 
of air.” 

(212) In these ingenious experiments, however, true electro- 
chemical decomposition was not efiected: that is, “the law which 
regulates the transference and final place of the evolved bodies had 
no influence.” The water was decomposed at both poles inde- 
pendently of each other, and the oxygen and hydrogen gases evolved 
at the wires are the elements of the w^ater existing the instant before 
in those places. “ That the poles, or rather points, have no mutual 
decomposing dependence, may be shown,” observes Faraday, “ by 
substituting a wire, or the finger, for one of them, — a change which 
does not at all interfere with the other, though it stops all action 
at the charged pole. This fact may be observed by turning the 
machine for some time ; for though bubbles will rise from the point 
left unaltered in quantity sufficienf to cover entirely the wire used 
for the other communication, if they could be applied to it, yet not a 
single bubble will appear on that wire.” 

(213) The follow ing beautiful experiments, made by Faraday {Ex. 
Research, series v. 462 et seq^.), prove that, so far from electro-chemical 
decomposition depending upon the simultaneous action of two meiallic 
poles, air itself may act as a pole, decomposition proceeding therewith 
us regularly and truly as with metal. 

A piece of turmeric paper, not more than 0*4 of an inch in length, 
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and 0*3 of an inch in width, was moistened with sulphate of soda, and 
placed upon the edge of a glass plate opposite to and about two 
inches from a point connected with a discharging train arranged by 
connecting metallically a sufficiently thick wire with the metallic gas- 
pipes of the house, with those of the public gas-works of London, and 
with the metallic water-pipes of London. A piece of tin-foil resting 
upon the same glass-plate was connected with the machine and also 
with the turmeric paper by the decomposing wire Fig. 104f. The 


Fig. 104. 



machine was then worked, the positive Electricity passing into the 
turmeric paper at the point and out at the extremity n. After 
forty or fifty turns of the machine (a plate fifty inches in diameter), 
the extremity n was examined, and the two points or angles found 
deeply coloured by the presence of free alkali. 

A similar piece of litmus paper dipped in a solution of sulphate of 
soda (Fig. 105) was now supported upon the end of the discharging 


Fig. 105. 



train a, and its extremity brought opposite to a point p, connected 
with the conductor of the machine. After working the machine for 
a short time, acid was developed at both corners towards the point, 
i. e. at both corners receiving the Electricity from the air. Then a 
long J)iece of turmeric paper, large at one end and pointed at the 
other, was moistened in the saline solution and immediately con- 
nected with the conductor of the machine, so that its pointed 
extremity was opposite a point upon the discharging train. Whten 

M 2 
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the machine was worked, alkali was evolved at that point ; and even 
when the discharging train was removed, and the Electricity left to 
bo diffused and carried off altogether by the air, still alkali was 
evolved where the Electricity left the turmeric paper. 

Arrangements were then made in which no metallic communication 
with the decomposing matter was allowed, but both poles formed of 
air only. Pieces of turmeric and litmus paper, a h (Fig. 106), moist- 


Fig. 106. 



ened with solution of sulphate of soda, were supported on wax 
between the points, connected with the conductor of the machine 
and the discharging train, as shown in the figure; the interval 
between the respective points was about half an inch. On working 
the machine, evidence of decomposition soon appeared, the points b 
and a being reddened from the evolution of acid and alkali. 

Lastly, four compound conductors of litmus and turmeric paper 
were arranged as shown in Fig. 107, being supported on glass rods ; 


Fig. 107. 



and on working the machine carefully, so as to avoid sparks and 
brushes, evidence of decomposition was obtained in each. 

(214) Notwithstanding, then, the absence of metallic poles, we 
have here cases of electro-chemical decomposition precisely similar to 
those effected under the influence of the voltaic battery; and we 
appear to have direct proof also that the j)ower which causes the 
separation of the elements is exerted not at the poles, but at the 
parts of the body which is suffering decomposition. 

(215) The arrangement shown in Fig. 108 was employed by 
Faraday for effecting electro-chemical decomposition by common 


Fig. 108. 



Electricity. On a glass plate, 
raised above a piece of white 
paper, two small slips of tin-foil, 
a by were placed: one was con- 
nected by the insulated wire c 
with an electrical machine, and 
the other by the wire g with a 
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discharging train, or with the negative conductor. Two pieces of 
fine platinum wire, bent as in Fig. 109, were provided, and so arranged 
that the part dfyrBA nearly upright, while 
the whole rested on the three bearing 
points p ef. The points p n thus became 
the decomposing poles. They were placed 
on a piece of filtering paper wetted with 
the solution to be experimented upon. 

When litmus paper, moistened in a solution ^ 

of common salt or sulphate of soda, was employed, it was quickly 
reddened at ^ / a similar piece, moistened in muriatic acid, was very 
soon bleached at the same point, but no effects of a similar kind took 
place at n, A piece of turmeric paper, moistened in solution of 
sulphate of soda, was reddened at n by two or three turns of the 
machine ; and in twenty or thirty turns, plenty of alkali was there 
evolved. On turning the paper round, so that the spot came under 

and then working the machine, the alkali soon disappeared, the 
place became yellow, and a brown alkaline spot appeared in the new 
part under n. When pieces of litmus paper and turmeric paper, both 
wetted with solution of sulphate of soda, were combined, and put 
upon the glass, so that p was on the litmus, and n on the turmeric, a 
very few turns of the machine sufficed to show the evolution of acid 
at the former and alkali at the latter, exactly in the manner effected 
by a volta-electric current. (See MS, Besearches, third series, 309 et 
seq.) 

(216) In these experiments the direct passage of sparks must be 
carefully avoided. If sparks be passed over moistened litmus paper, 
it is reddened ; and if over paper moistened with solution of iodide of 
potassium, iodine is evolved. But these effects must carefully be 
distinguished from those due to electro-chemical powers, or true 
electrolytic action, and must be carefully avoided when the latter are 
sought for. The effect just mentioned is occasioned by the formation 
of nitric acid by the chemical union of the oxygen and the nitrogen of 
the air : the acid so formed, though very small in quantity, is in a high 
state of concentration, and therefore reddens the litmus paper, and 
decomposes the iodide. 

(217) It does not appear that Faraday was more successful than 
Wollaston in effecting a true electro-polar decomposition of water. 
He says (329), “ there is reason to believe that when electro-chemical 
decojnposition takes place, the quantity of matter decomposed is not 
proportionate to the intensity, but to the quantity of Electricity 
passed ; but in Wollaston’s experiment this is not the case. If .with 
a constant pair of points the Electricity be passed from the machine 
in sparks, a certain proportion of gas is evolved \ but if the sparki^ be 
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rendered shorter, less gas is evolved; and if no sparks be passed, 
there is scarcely a sensible portion of gases set free. On substituting 
solution of sulphate of soda for water, scarcely a sensible quantity of 
gas could be procured, even with powerful sparks, and almost none 
with the mere current; yet the quantity of Electricity in a given 
time was the same in all these cases.” “ I believe at present that 
common Electricity can decompose water in a manner analogous to 
that of the voltaic pile. But when I consider the true effect only was 
obtained, the quantity of gas given off was so small, that I could not 
ascertain whether it was, as it ought to be, oxygen at one wire and 
hydrogen at the other. On substituting solution of sulphate of soda 
for pure water, these minute streams W’ere still observed; but the 
quantities were so small, that on working the machine for half an 
hour, I could not obtain at either pole a bubble of gas larger than a 
small grain of sand ; and if the chemical power be in direct proportion 
to the absolute quantity of Electricity which passes, this ought to be 
the case.” In paragraph 359 he says, “ It is doubtful w hethcr any 
common electrical machine has yet been able to supply Electricity 
sufficient in a reasonable time to cause true electro-chemical decom- 
position of water.” 

(218) Mr. Goodman, of Salford, near Manchester, who published 
some years ago a very ingenious essay on the “ Modifications of the 
Electric Eluid,” has succeeded in decomposing water hy current alone, 
and with unguarded poles : he^states that the experiment is most 
readily performed by exposing tV of an inch of the ends of two fine 
platina wires, immersed in distilled water. The extremities thus 
exposed are after a few turns of the machine (which must be a 
powerful one), covered over with gas bubbles, producing a frosted 
appearance, and at all times in double quantity on the negative or 
hydrogen pole. The gas may speedily, and sometimes from the outset 
also, be seen to ascend, especially with a small convex lens. 

(219) Mr. Goodman has described a method of polarizing fric- 
tional Electricity by arranging a series of circular glass plates on an 
insulating axis, and applying to each two metallic moveable coatings. 
The first coating is placed by means of a wire, in connexion with the 
positive conductor of an electrical machine, its outer surface and 
coating being in communication with the inner surface of the next 
plate, and so on throughout the series : the last surface being con- 
nected with the negative conductor of the machine. The physiolo- 
gical effect of this arrangement is described as being entirely ];iovel, 
the sensations produced by the electro-magnetic machine being 
exactly imitated ; but Mr. Goodman did not succeed in effecting the 
polar decomposition of water by it, the gas generated being a ^xture 
of oxygen and hydrogen at each pole : but when the Electricity was 
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collected by means of points, in ’connexion with each individual 
surface, the occurrence of shocks in the current was prevented, and 
the gas was obtained in a manner perfectly identical with galvanic 
decomposition, though in quantity so minute that, after nearly two 
hours’ turning, only a small bubble of about one eighth of an inch in 
length was obtained. 

(220) In order to obtain as complete a proof as possible of the 
identity of the galvanic and ordinary Electricities, Mr. Goodman 
endeavoured so to unite them, that they should act in concert in the 
decomposition of water : with this view he arranged t^o wine-glasses 
of distilled water, and inserted in each two guarded poles,* one of 
which was from a couronne des tosses of ten or twelve jars, and the 
other (the opposite pole) from the electrical machine : thus there was 
a positive pole from the machine, and a negative pole from the bat- 
tery in one glass ; and a negative pole from the machine, and a posi- 
tive pole from the battery in the other glass. The experiment 
succeeded, and gas was generated by each of the four poles. It was 
afterwards found that a similar effect might take place with the 
frictional fluid alone. 

(221) In order to obviate that objection to “ guarded points,” 
before alluded to, viz., that they have no “mutual decomposing 
dependence,” Mr. Goodman determined to attempt decomposition 
by unguarded ones. Having at hand tw’o hammered platina wires, 
without any glass or other coating upon them, the point of one 
was slowly passed beneath the surface of the water, and when 
about one-eighth of an inch immersed, it became speedily covered 
with minute bubbles : the decomposition proceeding as usual at the 
guarded pole during the whole period. The guarded pole was then 
removed, and the second unguarded one substituted, and on turning 
the machine for a very short period, both poles were entirely covered 
with gas, the negative in about twofold quantity: thus, decoippo- 
sition of water w’as effected perfectly identical wnth galvanism, from 
the prime conductor of the machine alone, and subject to no ob- 
jections on the ground of the metal poles being covered with non- 
conducting matter. 


* The guarded poles were thus constructed: — apiece of the finest platinum 
wire was hammered at its extremity, until it formed a flat plate, whose area was 
about ten or twelve times the diameter of the wire : then, with a pair of scissors 
it was cut into as fine a point and filament as possible, placed in a small glass 
tube, the extremity of which was melted until it adhered to and covered the 
filament, and alberwards by grinding a pointy was exposed sufficiently for a small 
spark /rom the machine just to pass, — which point could not be discovered either 
with the naked eye or a miscroscope. 
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(222) Two guarded poles were next immersed in separate glasses 
of water, one being connected with the outer, and the other with the 
inner coating of a charged and insulated Leyden phial : the object 
being to see whether «oxy gen and hydrogen would be eliminated in 
each vessel, independently of the other. Upon attempting to pass 
shocks, however, no trace of gas could be observed ; but when a com- 
munication was established between the glasses, by means of a bent 
copper wire, decomposition instantly proceeded, visibly at the guarded 
poles ; a piece of copper wire was then inserted in a glass of distilled 
water, in which a guarded pole was placed, and after about twenty 
minutes’ turning, it became covered with bubbles of gas. Three 
glasses were then arranged: in the two outer, guarded poles were 
placed, connected respectively with the positive and negative con- 
ductors of the electrical machine, and each was then connected with 
the middle glass by a bent platina wire, the ends of which dipped 
about an eighth of an inch below the surface of the water. In five 
minutes, bubbles of gas made their appearance on the inserted termi- 
nation of each wire, and in twenty minutes very considerable bubbles 
were found, as distinct as in any galvanic decomposition, and com- 
menced ascending from the surface of the wires. 

(223) The currents were next introduced into the glasses, without 
any guarded pole whatever, copper wires being substituted : in two 
minutes and a half gas was evident upon every termination : and, 
lastly, two thick unguarded wires were inserted in a single wine-glass, 
one wire proceeding from the positive, and the other from the nega- 
tive conductor, — in three minutes bubbles appeared : in five minutes, 
all parts of the wires below the water assumed a frosted appearance, 
about double the quantity of bubbles appearing on the negative wire, 
and in half an hour, the covering, especially of the negative pole, 
might be seen at the distance of two yards, exhibiting as fair an 
electro-chemical efiect as is ever observed in voltaic Electricity. 

(224) Mr. Goodman having kindly furnished the author with a 
pair of the guarded points, employed in his own experiments, ho has 
much pleasure in stating that he has tried them with very satisfac- 
tory results. Eive turns of a two feet plate machine, in good action, 
were sufficient to produce a bubble of gas on the negative point, — 
twenty turns gave bubbles on both : that on the negative wire being, 
as nearly as the eye could judge, double the size of that on the posi- 
tive, and 100 turns sent the gas from the negative point in a shower 
of minute bubbles, while the bubble on the positive point became as 
big as the head of a large pin. There is no doubt, that in this ex- 
periment, the decomposition was true electropolar^ although there is 
no direct proof that such is really the case. 
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CHAPTEE VI. 

ATMOSPHERIC ELECTRICITY. 

Exploring wires — Electrical kites — Electrical observations at the observatories of 
Kew and Brussels — Lightning and thunder — Lightning conductors — Torna- 
does and waterspouts — The aurora borealis — Induction of atmospheric 
Electricity in the wires of the electric telegraph — Analogy of the submerged 
electric telegraph wire to the Leyden phial. 

(225) The atmosphere is that part of our planet in which the 
Electricity liberated by various processes accumulates ; it is the great 
natural reservoir of sensible Electricity which is found there in 
different degrees of intensity, varying also in its condition, being 
sometimes positive and at other times negative. When the air is 
clear and the sky serene, the Electricity is generally positive; in 
damp or rainy weather it is more frequently negative. In the higher 
regions it is more powerful than in the lower ; it is also stronger in 
winter than in summer ; and when the air is still than during the 
])revalence of wind. The transitions in the electrical state of the 
atmosphere from positive to negative, were frequently observed by 
Humboldt during his travels’ in the equinoctial regions of the new 
(■onjtinent. “ I saw here,”* he writes (Travels^ vol. ii. p. 143), “ what 
I had often observed in the ridge of the Andes during a storm, that 
the Electricity of the atmosphere was first positive, then TiiZ, then 
negative. These oscillations from positive to negative were frequently 
repeated ; yet the Electrometer constantly denoted a little before the 

lightning only E or + E and never — E We noticed in 

the valleys of Aragua the increase of atmospheric Electricity with 
the augmentation of vesicular vapours, and the Electrometer of 
Volta constantly displayed at sunset positive Electricity. During 
w’^hole hours in the day-time the Electricity was nil, then it w^ould 
become very strong, and soon after again imperceptible.” 

(226) It has been ascertained by the observations of De Saussure, 
Schubler, Arago, and others, that the positive Electricity of the 
atmosphere is subject to diurnal variations of intensity, there being 
two maxima and two minima every twenty-four hours. The first 

* On the banks of the river Apure. 
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minimum takes place a little before the rising of the sun ; as it rises, 
the intensity at first gradually, and then rapidly increases, and 
arrives at its first maximum a few hours after. This excess diminishes 
at first rapidly and afterwards slowly, and arrives at its minimum 
some hours before sunset. It re-ascends when the sun approaches 
the horizon, and attains its second maximum a few hours after, then 
diminishes till sun-rise, and proceeds in the order already indicated. 

The intensitif of the free Electricity of the atmosphere has also 
been found to undergo annual changes, increasing from the month of 
July to the month of November, inclusive; so that the greatest 
intensity occurs in winter and the least in summer. In cloudy 
weather the free Electricity of the air is still positive. During 
storms, or when it rains or snow's, it is sometimes positive and some- 
times negative,, and its intensity is always more considerable than in 
serene weather. During a storm, the Electroscope will frequently 
indicate several changes, ivom positive to negative. 

The Electricity of the atmosphere, wdiether we consider it in 
referenda to ourselves as being continually exposed to its quiet, as 
w'ell as to its disturbed influence, or to the grandeur and magnificence 
of the phenomena which it displays, is perhaps the most interesting 
branch of this captivating science. 

(227) The Electricity of the atmosphere is examined by means of 
exploring conductors, exploring wires, and kites. The collecdnr 
employed by Cavallo was simply a common jointed fishing rod, the 
smallest joint of w hich w'as re-placed by a well varnished and slender 
glass tube surmounted by a cork, from which w'as suspended a pith- 
ball Electroscope, which could be insulated and uninsulated at plea- 
sure by means of a pin and piece of string. When an observation 
was to be made, the rod was held out of one of the highest windows 
of a house, at an angle of about 50° or 60°, and kept there for a few 
minutes, the Electroscope being uninsulated ; the balls were then 
insulated by removing the pin by pulling the cord; and the balls 
then became electrified in a state opposite to that of the atmosphere. 

(228) Head, w'ho made many experiments on the Electricity of 
the atmosphere, employed the conductor, or “ thunder rod,” shown 
in Fig. 110. {Encycl, Brit,) It consisted of a wooden rod, A A, 
twenty feet long, one inch in diameter at the top and two at the 
bottom. Into the lower end was cemented a solid glass pillar B, 
coated with wax, and twenty-tw o inches long. This pillar rested on 
a wooden pedestal C, carried by a bracket D. At thirteen iijches 
above D, the rod passes through a stout glass tube, F, coated with 
wax, and supported by a strong arm of wood E. A lining of cork 
lies between the rod A and the tube F, to prevent the latter from 
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being broken when the rod is bent T)y 
the wind. Several sharp pointed cop- 
per wires, d, stand out from the top of 
the tube. The use of the funnels, H 
H, is to defend the glass rods, B F, 
from the weather. Through a hole in 
the wall at I, passes a glass tube, 
coated with sealing-wax, through whichr 
a strong brass wire passes from the rod 
at M into the room. At the end of 
the tube this wire passes through a 
brass ball, L, tw^o inches in diameter ; 
and after proceeding a little further, it 
suspends from its extremity a pith-ball 
electrometer, K, about twelve inches 
from the wall. A bell, N, carried by a 
strong wire, is placed two inches from 
the brass ball, L, three- tenths of an 
inch in diameter, suspended from the 
nail, O. The bell N, wdiich has a 
metallic communication B, with the 
moist ground, is rung by the ball L. 
Jars and other pieces of apparatus are 
placed, when w^anted, upon the small 
shelf P, and all this part of the appa- 
ratus is protected from the weather by 
being enclosed in a wooden box. 

(229) The simple exploring appa- 
ratus shown in Fig. Ill, was erected 
by the author some years ago, and 
though the situation was low, it fre- 
quently afforded highly interesting 
exhibitions of electrical phenomena. 
During hail-storms large Leyden jars 
were repeatedly charged from the ball 
e, and every electrical cloud that passed 
over the factory indicated its vicinity 
either by the passage of small sparks 
between the balls e and jfy or by the 
divergence of the pith balls. 


Fig. no. 



A represents the top of a tall fir-pole, thirty-five feet in height, 
fixed on the chimney of a factory ; 5, a painted copper funnel, sur- 
mounted with a brass four-pronged fork, from which the copper wire 
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c proceeds, and is conducted to a second insulated funnel enclosing 
a thick brass wire, which, insulated by a stout glass tube, passes 

Fig. 111. 




through the stone-work of the laboratory window, and terminates in 
a two-inch brass ball c ; / is a smaller ball connected with a bent wire 
passing into the gun-barrel g, and capable of being brought to any 
required distance from the ball e ; the gun-barrel passes through the 
stone-work of the window, and is metallically connected with the 
earth by the iron rod h. There is also an arrangement not shown in 
the figure, consisting of a stout iron rod capped with a brass ball 
fixed ai about two inches distant from the funnel d ; this rod passes 
into the earth, and thus prevents any accident which might arise 
from a flash of lightning striking the apparatus. The fir-pole A is 
terminated by a stout glass rod eighteen inches long, to which the 
funnel serves as a protection. A pair of small pith-balls'are suspended 
from the ball e, which by their divergence give notice of the electrical 
state of the apparatus. 

An instrument for investigating the electric state of the atmo- 
sphere was constructed by M. Colladon, of Geneva, on the following 
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principle. He found that if the two ends of the wire of a galvanic 
multiplier, consisting of very numerous coils well insulated from each 
other, were brought in contact, one with a body positively, and the 
other with a body negatively charged, a current of Electricity passes 
through the wire until equilibrium is restored, the energy and direc- 
tion of this current is indicated by the deviation of the needle from 
the zero point of the scale. This instrument is applied to the purpose 
of ascertaining and measuring the atmospheric Electricity by com- 
municating one end of the wire with the earth, an<^ allowing the 
other to extend into the region of the atmosphere, the electrical 
state of which is intended to be compared. 

(230) Mr. Crosse collects thte Electricity of the atmosphere by 
means of wires supported and insulated on poles fixed on some of the 
tallest of the magnificent trees which ornament his grounds. As far 
as the eye can reach, these poles may be seen, though when the 
author visited Broomfield in 1844, in consequence of some extensive 
damages which happdhed during a violent storm, not more than 1600 
feet of wire were insulated. The wires are insulated on the poles by 
means of funnels, one of which is represented in Fig. 112. It is 
made of copper, about four and a half inchqn in Fig. 112. 
diameter, and eleven inches in length, and into a 
cavity or socket of about two inches deep formed 
at the closed end of the funnel, is firmly cemented 
a stout glass rod of sufficient length to reach to 
the open end of the funnel, where it is mounted, 
by means of strong cement, with a metallic cap 
and staple. The latter appendage receives the 
hook of a very strong wire, which passes through a 
(nrcular plate of copper placed about four inches 
from the mouth of the funnel, and terminates in a 
hook to which one end of the exploring wire is 
fixed. The object of the metallic disc is to pre- 
clude the admission of snow, rain, &c., and thus to 
preserve the glass rod in a dry insulating condition. These funnels 
are easily raised to the tops of the poles by an arrangement of 
pulleys, and thus the wires can at pleasure be drawn up and taken 
down. Outside the window of the gallery of the electrical room is 
fixed firmly in the ground a stout pole, on the top of which a large 
insulated funnel is fixed, and this forms the termination of the 
exploring wire, the Electricity being conveyed from it through the 
window by means of a stout wire to a large brass ball, from which 
again it is conveyed by a curved wire to a brass conductor insulated 
and fixed on a table, and bearing the appropriate words, “ Noli me 
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tangere** On the same plane with the conductor is fixed another 
arrangement having a metallic communication with a neighbouring 
pond, and by means of a screw the brass ball with which it is termi- 
nated may be adjusted at any required distance from the opposed 
brass ball of the conductor. Another most important piece of 
apparatus is a lever furnished with an insulating handle, by means of 
which the current of Electricity, when too strong, or when no 
experiments are in progress, is easily directed into the earth outside 
the window, and without entering the room. 

(231) The electrical battery employed by Mr. Crosse consists of 
fifty jars, containing seventy-three square feet of coated surface : to 
charge it requires two hundred and thirty vigorous turns of the wheel 
of a twenty-inch cylinder electrical machine ; nevertheless, with about 
one-third of a mile of wire, Mr. Crosse has frequently collected 
sufficient Electricity to charge and discharge this battery twenty 
times in a minute, accompanied by reports as loud as those of a 
cannon. The battery is charged through the^ medium of a large 
brass ball, suspended from the ceiling immediately over it, and con- 
nected, by means of a long wire, wdth the conductor in the gallery : 
this ball is raised fron», and let down to, the battery by means of a 
long silk cord, passing over a pullc}' in tlie ceiling : and thus this 
extraordinary electrician, 'while sitting calmly at his study table, 
views with philosophic satisfaction the wonderful powers of this 
fearful agent, over which he possesses entire control, directing it at 
his wdll ; and, with a simple motion of his hand, banishing it instan- 
taneously from his presence. 

(232) The following account of the construction of a thunder 
cloud, as examined by means of the exploring wires, has been kindly 
furnished for this work by Mr. Crosse : — 

“ On the approach of a thunder cloud to the insulated atmo- 
spheric wire, the conductor attached to it, 'v\^hich is screw'cd into a 
table in iny electrical room, gives corresponding signs of electrical 
action. In fair cloudy weather the atmospheric Electricity is inva- 
riably fiositive, increasing in intensity at sun-rise and quo - set, and 
diminishing at midday and midnight, varying as the evaporation of 
the moisture in the air : but when the thunder cloud (which appears 
to be formed by an unusually powerful evaporation, arising either 
from a scorching sun succeeding much wet, or vice versa) draws near, 
the pith-balls suspended from the conductor open wide, 'w ith either 
positive or negative Electricity ; and when the edge of the cloud is 
perpendicular to the exploring wire, a slow succession of discharges 
takes place between the brass ball of the conductor and one of equal 
size, carefully connected with the nearest spot of moist ground. I 



STEXTOTXTBB OF A THTJKDBB CLOUD. 


175 


uauallj connect a large jar with the conductor, which increases the 
force (5f, and in some degree regulates the number of the explosions ; 
and the two balls between which the discharges pass can be easily- 
regulated, as to their distance from each other, by a screw. After a 
certain number of explosions, say of negative Electricity, which at 
first may be nine or ten in a minute, a cessation occurs of some 
seconds or minutes, as the case may be, when about an equal number 
of explosions of positive Electricity takes place, of similar force to 
the former, indicating the passage of two oppositely^ and equally 
electrified zones of the cloud : then follows a second zone of negative 
Electricity, occasioning several more discharges in a minute than 
from cither of the first pair of zones ; which rate of increase appears 
to vary according to the size and power of the cloud. Then occurs 
another cessation, followed by an equally powerful series of dis- 
charges of positive Electricity, indicating the passage of a second 
pair of zones ; these, in like manner, are followed by others, fearfully 
increasing the rapidity of the discharges, when a regular stream com- 
mences^ interrupted only by the change into the opposite Electricities. 
Tlie intensity of each new pair of zones is greater than that of the 
former, as may be proved by removing the two balls to a greater 
distance from each other. When the centre of the cloud is vertical 
to the wire, the greatest efiect consequently takes place, during which 
the windows rattle in their frames, and the bursts of thunder without, 
and noise within, every now and then accompanied with a crash of 
accumulated fluid in the wire, striving to get free betw-een'the balls, 
produce the most awful effect, which is not a little increased by the 
pauses occasioned by the interchange of zones. Great caution must, 
of course, be observed during this interval, or the consequences would 
be fatal. My battery consists of fifty jars, containing seventy-three 
feet of surface, on one side only. This battery, wl\en fully charged, 
wull perfectly fuse into red-hot balls thirty feet of iron wire, in one 
length, such wire being of an inch in diameter. When this 
battery is connected with three thousand feet of exploring wire, 
during a thunder storm, it is charged fully and instantaneously, and 
of course as quickly discharged. As I am fearful of destroying my 
jars, I connect the two opposite coatings of the battery w itl^ brass 
balls, one inch in diameter, and placed at such distance from each 
other as to cause a discharge when the battery receives three-fourths 
of its charge. When the middle of a thunder-cloud is over head, a 
craslijng stream of discharges takes place between the balls, the effect 
of which must be witnessed to be conceived. 

“ As the cloud passes onward^ the opposite portions of the zones, 
which first affected the wire, come into play, and the efiiect is 
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weakened with each successive pair till all dies away, and not enough 
Electricity remains in the atmosphere to affect a gold-leaf Electro- 
meter. I have remarked that the air is remarkably free of Electri- 
city, at least more so than usual, both before and after the passage of 
one of these clouds. Sometimes, a little previous to a storm, the gold 
leaves connected with the conductor will for many hours open and 
shut rapidly, as if they were panting, evidently showing a great 
electrical disturbance. 

‘‘ It is known to electricians, that if an insulated plate, composed 
of a perfect or an imperfect conductor, he electrified, the Electricity 
communicated will radiate from the centre to the circumference, 
increasing in force as the squares of the distances from the centre ; 
whereas in a thunder-cloud the reverse takes place, as its power 
diminishes from the centre to the circumference. First a nucleus 
appears to be formed, say of positive Electricity, embracing a large 
portion of the centre of the cloud, round which is a negative zone of 
equal power with the former ; then follow the other zones in pairs, 
diminishing in power to the edge^of the cloud. Directly helow this 
cloud, according to the laws of inductive Electricity, must exist on 
the surface of the earth a nucleus, of opposite or negative Electricity, 
w’ith its corresponding zone of positive, and wdth other zones of 
electrified surface, corresponding in number to those of the cloud 
above, although each is oppositely electrified. A discharge of the 
positive nucleus above into that of the negative below, is commonly 
that which occurs when a flash of lightning is seen ; or from the 
positive below to the negative above, as the case may be: and this 
•discharge may take place according to the laws of Electricity, 
through any or all of the surrounding zones, ivilhout influencing their 
respective Electricities otherwise than by w^eakening their force, by 
the removal of a portion of the electric fluid from the central nucleus 
above to that below : every successive flash, from the cloud to the 
earth, or from the earth to the cloud, weakening the charge of the 
j)late of air, of which the cloud and the earth form the two opposite 
coatings. Much might be said upon this head, of which the above is 
but a sligiit sketch.” 

At % later date, Mr. Crosse adds: ‘‘At the time I made these 
experiments on the Electricity of the atmosphere, I was much 
puzzled to account for the separation of the cloud into concentric 
and opposite electrical zones. I was at first inclined to refer this 
phenomenon to the fact of the cloud being a secondary conductor ; 
and in consequence I insulated and electrified various plates of a 
secondary conducting power, such as moist wood, leather, &c., &c., 
and compared the Electricity which resided on every part of their 
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Burfaces with that which was communicated to insulated prima/ry con- 
ductors, and I found no difference in the residence of the electric 
fluid, as in both primary and secondary conductors it radiated 
equally from the centre to the circumference; nor was the least 
symptom of an oppositely electrified zone discoverable. At last 1 
hit upon what I believe to be the real cauee of the phenomena. A 
cloud is of course a mass of vapour of a secondary conducting nature ; 
but that is not sufficient to account for the. zones. A cloud is 
composed of minute particles of water, each separated from its 
neighbour, and held in suspension by the caloric, which causes it to 
b^ elevated into the atmosphere in the form of vapour ; consequently 
the whole cloud is subdivided into little conducting spheres, and 
resembles in this respect a dry plate of glass gently breathed upon, 
or a plate of glass dotted all over with spots of tin-foil. If you form 
a plate of this nature, and electrify the central spot with a spark 
from a charged jar, what is the consequence ? Why the communi- 
cated Electricity will strike from the central spot across the 
contiguous spaces, and divide its Electricity equally amongst them, 
and in a circle ; and when it has exhausted its communicating power, 
an inductive influence begins, which in its turn communicates the 
opposite. Electricity to the neighbouring spots, in a concentric circle, 
around the first nucleus formed. Here we have one pair of zones, 
which will in like manner be followed by a second pair, and so on, till 
the whole cloud is arranged accordingly ; the central zones being t|je 
most powerfully electrified, and those at the circumference the 
weakest. By reasoning analogically it must be so. The more 
powerfully electrified is the cloud, the wider and more extensive is 
each pair of zones, and also the more numerous. Should I be asked, 
what influence is it that first impresses this electric power on the 
centre of the thunder cloud? — I could not presume to answer. 
Kudely speaking, evaporation seems to be the main cause, I should, 
in speaking of the conducting nature of clouds and vapours, make use 
of a new term, and call them disseminated conductors, in opposition 
to those of an uniform substance. It is the interval, the non-con^ 
ducting interval between each particle of suspended water, which is 
the cause of these effects ; it being a law of Electricity that a number 
of small intervals between conducting substances impede the com- 
municating power as much as one greater interval, and hence the 
inductive power.” 

(233) Magnificent and astounding as must have been such a 
spectacle as that above so forcibly described, it was if possible exceeded 
in brilliancy by the electrical phenomena observed some years since 
by Mr. Crosse, during a dense November fog, of which he has 
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favoured us with the following interesting a^scount : — “ Many years 
since, I was sitting in my electrical room on a dark November day, 
during a very dense driving fog and rain which had prevailed for 
many hours, sweeping over the earth, impelled by a south-west wind. 
The mercury in the barometer was low, and the thermometer indi- 
cated a low temperature. I had at this time 1,600 feet of wire 
insulated, which, crossing two small valleys, brought the electric fluid 
into my room. There were four insulators, and each of them was 
streaming with wet, from the effects of the driving fog. From about 
eight o’clock in the morning until four in the afternoon, not the least 
appearance of Electricity was visible at the atmospheric conductor, 
oven by the moat careful application of the condenser and multiplier ; 
indeed, so effectually did the exploring wire conduct away the Elec- 
tricity which was communicated to it, that when it was connected 
by means of a copper wire with the prime conductor of my 18-iiich 
cylinder in high action, and a gold leaf Electrometer placed in contact 
with the connecting wire, not the slightest effect was produced upon 
the gold leaves. Having given up the trial of further experiments 
upon it, I took a book, and occupied myself with reading, leaving by 
chance the receiving ball at upwards of an inch distance from the ball 
in the atmospheric conductor. About four o’clock in the afternoon, 
whilst I was still reading, I suddenly heard a very strong explosion 
between the two balls, and shortly after many more took place, until 
tj^ey became one uninterrupted stream of explosions, wdiich died 
away and re-commenced with the opposite Electricity in equal 
violence. The stream of fire was too vivid to look at for any length 
of time, and the eftect was most splendid, and continued without in- 
termission, save that occasioned by the interchange of Electricities, 
for upwards of five hours, and then ceased totally. During tho w^hole 
day, and a great part of the succeeding night, there was no material 
change in the barometer, thermometer, hygrometer, or wind ; nor did 
the driving fog and rain alter in its violence. The wind wes not 
high, but blew steadily from the S.W. Had it not been for my 
exploring wire, I should not have had the least idea of such an elec- 
trical accumulation in the atmosphere: the least contact with the 
conductor would have occasioned instaM death, — the stream of fluid 
far exceeding any thing I ever witnessed, excepting during a thunder- 
storm. Sad the insulators heen dry, what would have been the effect ? 
In every acre of fog, there wes enough of accumulated Electricity to 
have destroyed every animal within that acre. How can this be ac- 
counted for ? How much have we to learn before we can boast of 
understanding this intricate science ?” 

(234) Amongst those individuals in whom the splendid electrical 
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achievements of Mr. Crosse excited an ardent taste for atmosphenc 
investigations, the late Mr. Weekes, of Sandwich, must^ot be allowed 
to pass unnoticed. This gentleman, at considerable trouble and 
expense, erected an exploring wire, about 365 yards horizontally over 
the town in which he resided, insulating it against the balls from 
which arise the vane-spindles of the two churches, and conducting 
the termination to an insulated arrangement in his laboratory. “ The 
scenes enacted by this apparatus,” to use the Sandwich elec- 
trician’s own language, “ are occasionally distinguished by a magnifi- 
cence and interest which nothing short of ocular demonstration can 
serve to portray; nor, perhaps, are the almost hourly varying 
phenomena of its minor indications less deserving attention from the 
inquisitive admirer of natural science. When the gathering storm- 
cloud, pregnant with infuriated lightnings, and momentarily gaining 
additional sublimity from reverberating peals of deafening thunder, 
lingers over the line of wire, and deluges the earth with rain, or 
batters its beautiful foliage with unrelenting showers of hail, — then, 
tremendous torrents of electric matter, assuming the form of dense 
sparks, and possessing most astonishing intensity, rush from the 
terminus of the instrument with loud cracking reports, resembling in 
general effect the well-known running fire occasioned by the vehe- 
ment discharge of a multiplicity of small fire-arms. Fluids are 
rapidly decomposed: metals are brilliantly deflagrated; and large 
extents of coated surface repeatedly charged and discharged in the 
space of a few seconds. When these phenomena occur incidental to 
the hours of darkness, the lightning flash is seen harmlessly to play 
in various zig-zag and fantastic shapes amidst the several contrivances 
by means of which its power is subdued ; thus augmenting the sub- 
limity of a scene, compared to the correct delineation of which the 
efforts of language are but imbecility. Again, relinquishing its 
claims to the terrific and sublime for features of a more gentle com- 
plexion, even the light and feathery aggregations of the summer cloud 
are found capable of imparting to a pair of delicate gold-leaf pendu- 
lums, a test by which the philosopher assigns a character to inaccessible 
regions of the atmosphere.” 

(235) In the sixth volume of “Sturgeon’s Annals of Electricity,” 
Mr. W eekes has given a most interesting description of some brilliant 
electrical phenomena observed during a grand hail-storm which 
occurred at Sandwich on the 9th of May, 1841 ; but as it woidd be 
impossible to do justice to the account without the plate which 
accompanies it, and which is somewhat too large to be inserted here, 
we must be satisfied with referring our readers to the original paper. 
In the same volume, page 98, will be found another equally interest- 

2 
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iiig communication from Mr. Weekes, in -which he describes some 
electrical phenomena observed by him during a thunder-storm in the 
autumn of 1840, particularly the alternation of the Electricity from 
positive to negative, indicating the passage of zones, and verifying 
Mr. Crosse’s idea of the construction of a thunder-cloud. This same 
paper contaius an account of some experiments made by the author 
with a view of insulating ozone, the name given by M. Schoenbein to 
that peculiar odorous principle which appears to be developed when 
ordinary Electricity passes from the points of a conductor to the 
surrounding air, and which is also disengaged whilst water is decom- 
posing by a voltaic current. It is the opinion of M. Schoenbein 
that this odorous principle should be classed in that genera of bodies 
to which chlorine and bromine apparently belong ; that it is always 
disengaged in the air in sufficiently notable quantities during stormy 
weather; and he suggests the following method of rendering it 
evident, founded on its property of rendering gold and platinum 
electro-negative ; viz. to place plates of platinum in situations suffi- 
ciently elevated, taking care that they commimicate with the earth : 
as soon as these plates become negatively polar, M. Schoenbein thinks 
that it may be concluded that ozone is developed. 

(236) Mr. Weekes found that when a piece of platinum foil three 
or four inches square, fastened to a wire, and held in the hand of the 
operator, was brought for a few seconds into the vicinity of the 
terminal ball of his aerial apparatus, when a free current in the form 
of sparks was passing, the plate acquired a negative polarity, which 
may be immediately shown by the galvanometer, and the experiment 
repeated with the greatest facility as often as desired. He con- 
structed an apparatus by which dense sparks of Electricity were 
caused to pass for about fifteen seconds between two metallic plates 
enclosed in a cylinder of glass : and he states, that on removing the 
cover of the arrangement the atmosphere of the cylinder had become 
so strongly impregnated with a powerful pungent phosphoric odour, 
that he found it exceedingly inconvenient to respire over it; nor 
could he find any individual willing to permit its approach towards 
his nostrils beyond a second or two. Several highly interesting facts 
connected with this peculiar odorous principle have been collected ; 
and in a future chapter we shall take occasion to advert to them. 

(237) By means of exploring rods and wires, the Electricity of the 
lower atmosphere may be easily collected and examined, but for 
bringing it down from the higher regions the grand Franklinian kite 
experiment must be resorted to (17). The experiments with the 
electrical kite are very interesting, but great caution is required, and 
poor Bichman’s untimely end (19) should be steadily before the 
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mind while conducting them. When thunder-clouds are about, the 
string should never be allowed to pass through the hand while raising 
the kite, even though it have a good connexion with the ground : 
indeed, even under a 
cloudless sky, during a 
smart north-east breeze, 
we have frequently ex- 
perienced very unpleas- 
ant shocks whilst letting 
out the string. By em- 
ploying, however, the 
little apparatus shown 
in Fig. 113, complete 
security is insured, and 
we strongly recommend 
it to the notice of kite 
experimenters. A is a 
square copper box sup- 
ported on a stout glass 
pillar (not less than two 
inches thick), and firmly 
cemented into a base- 
board, which is secured 
to the ground by strong iron pegs nine inches long, passing through 
the holes and driven into the ground. The box contains a reel round 
which the wired string is wound : it is turned by a glass handle fixed 
on the multiplying wheel, cf is a small catch moved by a key 
furnished with a glass handle, by which the reel may be stopped 
when required without touching the string, c is a Lane’s elec- 
trometer provided with a screw adjustment, by which the distance 
between the brass balls may be regulated writh the greatest nicety ; 
it is connected with the ground by a chain or wire. The method of 
using this apparatus will immediately be understood. When the 
kite (which ^may be simply a silk-handkerchief, stretched on a cross 
of light wood) is raised a sufficient •height from the ground for the 
wind to act upon it, the string need no longer be held in the hand, 
the kite draws it from the reel, and the experimenter, by means of 
the catch and key, has it under his complete control. When a 
sufficient quantity of string has been taken out, a silk cord, two or 
three yards long, is thrown over the string, and, by means of a 
running noose, tightened upon it, and the other end made fast to a 
post ; by this means the strain is taken off the box. On ordinary 
occasions, that is, wdien no unusual exhibitions of Electricity are 
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anticipated, the balls of the discharger may he set about one-fifth of 
an inch apart, and, instead of connecting the sliding wire with the 
earth, it may be put in communication with the interior coating of a 
Leyden phial. In a few minutes, sparks pass between the balls, and 
on fine dry days, when the wind is in the north, or north-east, with 
about half a mile of wired string out, we have frequently had dis- 
charges at the rate of one a minute from the jar, through a striking 
distance of one-fourth of an inch, for hours together. In order to 
test the species of Electricity collected, the jar is discharged through 
a helix of copper-wire, enclosing a needle : after five or six explosions 
have passed, the needle becomes magnetized, the direction of the 
poles indicating the manner in which the jar was charged. If the 
helix be a right handed one, that is, one in which the convolutions 
take the same direction as that in which the hands of a watch move, 
then, if the jar be charged positively, that extremity of the needle 
lying in the coil, which is nearest the negative or outside coating of 
the jar, will become a north pole. If the helix be left-handed, the 
results are exactly the reverse. 

(238) It is most interesting to watch the effect of clouds passing 
near the kite, their presence being invariably indicated by the in- 
creased rapidity of the discharges between the balls : the distance at 
which the Electricity is communicated is indeed astonishing. We 
have frequently observed a very marked alteration in the discharges 
from the approach of a single and small cloud before it could have 
reached within half a mile of the kite, and we have often astonished 
by-standers who have been amusing themselves by drawing small 
sparks from the string wdth their knuckles, by watching the oppor- 
tunity presented by the approach of one of these clouds, and then 
desiring them to repeat their experiment, and the result has generally 
been a shock, which has taught them to treat the apparatus with far 
greater respect than before. 

(239) One of the first things that the kite experimenter will pro- 
bably notice, is the peculiar pungency of the spark : we are accus- 
tomed to receive sparks an inch long from the prime conductor of an 
electrical machine, for amusement ; it would not, however, be safe to 
approach a kite-string from which sparks of such a length might be 
drawn. The shock from sparks half an inch long are generally very 
severe, and resembling more the shock from a highly charged small 
Leyden phial, than that from the prime conductor : the length of the 
spark is not, however, altogether the criterion of the intensity of the 
Electricity, which depends upon the quantity of string extended, and 
more still upon the state of the atmosphere. 

(240) It is sometimes necessary to penetrate regions of the 
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atmosphere beyond the height attainable by a single kite, before signs 
of Electricity can be obtained ; this may be done by letting two, 
three, or more kites fly from the same string. The first kite is sent 
up as usual, and when it has reached its maximum elevation, the end 
of its string is put through a slit in the middle stick of the second, 
and tied to its string : the second kite is then raised, in like manher 
a third may be added, and thus great heights may be reached pro- 
vided the wind is blowing in the same direction at all altitudes. Mr. 
Cuthbertson (JPractical Electricity) relates the following experiment 
where three kites were employed. “ Some years ago, in the month 
of May, I let a kite fly with 500 feet of cord, which seemed to be as 
great a weight as it could carry, but as no sparks could be got from 
the wire in the string, and the kite would not rise higher, I fastened 
a second to it, and they both continued rising, till the second had 
500 feet more cord, but still it showed only faint signs of Electricity. 
A third kite was then added, which took 500 feet more, and then 
sparks were drawn, but very weak, only just felt in the finger. 
The wind was south-west, and the sky covered with clouds. I had 
observed, that in such a state of the atmosphere, little or no Elec- 
tricity could be obtained, and that the Electricity was the strongest 
when there were no clouds, or very few, excepting in thunder- 
storms. I often repeated such experiments at that time, and always 
found the Electricity from the kites to be positive, but other writers 
make mention of having had both positive and negative,^'* 

(241) Mr, Sturgeon’s kite experiments appear to have been verj" 
extensive. ** I have made,” says he, ‘‘ upwards of five hundred elec- 
tric kite experiments, under almost every circumstance of weather, at 
various times of the day and night, and in every season of the year ; 
I have experimented on Shooter’s HiU, and on the low lands on the 
Woolwich and Welling sides of it, and the experiments in the three 
different places within an hour of each other; I haveMone the same 
on the Chatham lines, and in the valley on the Chatham side of them ; 
on Norwood Hill, and in the plain at Addiscombe ; also on the top of 
the Monument in London, and on the top of some of the high hiUs in 
Westmoreland, and in the North Ejiding of Yorkshire ; and in every 
case I have found the atmosphere positive with regard to the ground. 
1 have floated three kites at the same time at very different altitudes, 
and have uniformly found the highest to be positive to the other two ; 
and the centre kite positive to that which was below it : consequently 
the Jowest was negative to the two above it, but still positive to the 
ground on which I was standing. I have made more than twenty 
experiments of this kind, and the residts (with the exception of elec- 
tric tension) were invariably the same, showing most decidedly that 
the atmosphere, in its imdisturbed electric state, is more abundantly 
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charged than the earth, and, as far as I have been able to explore it, 
still more abundantly in the upper than in the lower strata/’ 

(242) On the evening of the 14th of June, 1834, Mr. Sturgeon 
sent up a kite during a thunder-storm at Woolwich, and the follow- 
ing is the description he gives of the phenomena observed : — “ The 
wind had abated to such a degree before 1 arrived in the barrack 
field, and the rain fell so heavily during the time I was there, that it 
was with some difficulty that I got the kite afloat, and when up, its 
greatest altitude, as I imagine, did not exceed fifty yards. The silken 
cord also, which had been intended for the insulator, soon became so 
completely wet that it was no insulator at all : notwithstanding all 
these impediments being in the way, I was much gratified with the 
display of the electric matter issuing from the end of the string to a 
wire, one end of which was laid on the ground, and the other attached 
to the silk at about four inches distance from the reel of the kite- 
string. An uninterrupted play of the fluid was seen over the four 
inches of wet silken cord, not in sparks, but in a bundle of quivering 
purple ramifications, producing a noise similar to that produced by 
springing a watchman’s rattle. Very large sparks, however, were 
frequently Tseen between the lower end of the wire (which rested on 
the grass) and the ground ; and several parts of the string towards 
the kite, where the wire was broken, were occasionally beautifully 
illuminated. The noise from the string in the air was like to the 
hissing of an immense flock of geese, with an occasional rattling or 
scraping sort of noise. 

“ Two non-commissioned ofllcers of the Boyal Artillery were stand- 
ing by me the whole of the time. Unaware of the consequence, they 
would very gladly have approached close to the string ; and it was 
not until I had convinced them of the danger of touching or even 
coming near to it at a time wlien the lightning was playing about us 
in every direction, that I could dissuade them from gratifying their 
curiosity too far — probably at the expense of their lives. We 
anxiously and steadfastly watched what was going on at the end of 
the string, and the display was beautiful beyond description. The 
reel was occasionally enveloped in a blaze of purple arborized elec- 
trical fire, whose numberless branches ramified over the silken cord 
and through the air to the blades of grass, which also became lumi- 
nous on their points and edges over a surface of some yards in circum- 
ference. We also saw a complete globe of fire pass over the silken 
cord between the wire and the reel of the kite-string. The soldiers 
thought it about the size of a musket-ball. It was exceedingly 
briUiant, and the only one that we noticed.” 

(243) A continuous series of atmospheric electrical observations 
was conducted under the superintendence of Mr. Ilonalds, at the 
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Kew Observatory, for a period of five years, viz., from August, 1843, 
to July, 1848, and the results have been discussed at very great 
length by Mr. Birt, and published in the eighteenth Eeport of the 
British Associfition, 1850. The situation of the observatory is ad- 
mirably adapted for investigations of this nature. It stands in the 
old deer park, at Kichmond, upon a promontory, formed by a fiexure 
of the river Thames, its least distance from which is 924 feet. The 
nearest trees (elms) are about 13 feet lower than the top of the con- 
ductor, the height of the top of which, above the river at low water, 
is about 83 feet. The conductor is a conical tube of thin copper, 
raised 16 feet above the dome of the building, carrying at the top a 
small lantern or collecting lamp, provided with a little cowl, which 
can be raised and lowered at pleasure by means of a silk cord. The 
conductor is firmly screwed into a strong brass tube, which is 
cemented to a well annealed hollow glass pillar, the lower end of 
which is trumpet-shaped and ground flat, and is firmly secured to a 
pedestal. The glass tube is kept constantly warmed by a small oil 
lamp, the closed copper chimney of which enters but does not 
actually touch it. The brass tube carries, at its lo'wer end, three or 
four arms, at right angles to each other, with which the electrometers 
and other electrical apparatus are connected. The conductor, at the 
point where it enters the dome, is protected from the weather by an 
inverted copper dish or parapluie. By this mode of arrangement the 
active parts of all the electrometers, and the conductor itself, are 
insulated by one common and eflScient insulator. A safety conductor, 
in good communication with the earth, is attached to the pedestal. 

(244) The observations were taken with a Henley’s electrometer 
(Fig. 72), by which the force is measured by a straw terminating in 
a pith-ball, which, together, constitute a pendulum that is inserted in 
a ball, working by tw o fine steel pivots ; and by Volta’s electrometers, 
two in number. No. 1 is so constructed that a given electric force 
causes a pair of straws, of known weight, to diverge. Their diverg- 
ence is measured on a circular arc of the same radius as the length 
of the straws, vrhich is so graduated as to indicate half the distance 
in arc between the extremities of the straws, in half Parisian lines, 
each of the divisions, which are at equal distances from each other, 
being equal to half a line. It is clear from this construction, that 
upon measuring the distance between the straws in a right line, 
“ the e^ne of half the angle subtended by the extremities of the straws 
is ynoportional to the electric tension of the charged No. 2 is so con- 
structed that each division is exactly equal to fee of No. 1, and the 
circular arc is graduated to read at once in terms of No. 1. The 
difterence in the electrometer consists in the straws of No. 2 being 
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heavier than those of l^fo. 1, in such a proportion as to increase the 
value of the readings in the ratio above mentioned. As in No. 1 the 
sine of half the angle of divergence is proportional to the tension, so 
in No. 2 precisely the same value of the tension obtains, viz., the 
sine of half the angle of divergence, the linear value of the sine itself 
being proportional to its value in No. 1 for the same force ; thus, a 
force that would diverge the straws in No. 1 to an angle of 30®, 
would only’ open those in No. 2 to an angle of 6®, and in each instru- 
ment the sine of 15® and 3® respectively would represent the same 
force. One degree of Henley’s Electrometer is nearly equal to 100 
divisions of Volta, No. 1; and by converting the readings of the 
latter into measures of arc, Volta No. 1, Volta No. 2, and Henley’s 
may all be expressed in degrees of the circle, the sines of which are 
readily ascertainable. The Volta Electrometers are placed on the 
table of the pedestal, with their caps in contact with the conductor, 
and the Henley is screwed into a ball fixed at the extremity of one 
of the horizontal arms. 


Fig. 114. 



(245) A pair of portable Volta’s 
standard electrometers, used occasion- 
ally in experiments on induetio]i, 
absorption, <fcc., of atmospheric Elec- 
tricity, and very useful for observations 
on mountains, Ac., is shown in Fig. 
114. The instruments are constructed 
in strict accordance with Volta’s in- 
structions, the straws of one, B, being 
rendered so much heavier than those of 
the other, A, that it diverges when 
both are equally electrified exactly Ith 
as much. The conductor, C, is a very 
light conical tube of copper, about 3 
feet 6 inches long, which screws on the 
cap of the Electrometer, and carries on 
the top a helix of small copper wire, on 
w^hich, when an observation is about to 
be made, is placed the lighted solfanello^ 
or sulphur candle, of Volta, composed 
of about 10 threads of lamp cotton 
coated and imbued with sulphur^ while 
in a melted state. In all cases where 
the atmospheric charge is not extremely 
minute, straws are greatly preferable to 


gold leaves, which can never be safely transported. The conductor, 
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with its tubes, may be disjointed, and enclosed in a hollow walking 
cane. 

(246) Immediately un- 
demeath the extremity of jr* 
that arm of the conductor \ 
upon which the Henley 
Electrometer is fixed, is 
placed the spark measurer 
and safety valve. This 
ingenious contrivance is 
shown in Pig. 115. The 
length of the spark is mea- 
sured by means of a long 
index, H, which exhibits the 
distance of two balls, S S’, 
from each other on a multi- 
plying scale T T, S being 
attached to a rod, V, which 
is raised and lowered by 
means of a glass handle, W, 
a forked piece, X, Ac. V 
slides accurately through 
the base Y, and the piece A. The bolt Z is in immediate commu- 
nication with the safety conductor. Attached to the extremity of 
another of the horizontal arms of the conductor is one of the wires 
of a Gourgon’s Galvanometer, for measuring Electricity of high 
tension. In times of violent rain it gives strong indications, but IMr. 
lionalds places no dependence on it as a measurer of Electricity. 

(247) The gold leaf electroscope and the Fig. 116., 
distinguishing electroscope used in the Kew 
Observatory are shown in Figs. 116 and 117. 

A, Eig- 116, is a wire, terminating below in a 
pair of forceps, carrying the paper by which the 
gold leaves are suspended. It passes through a 
glass stopper, B, which is ground -into a long 
necked bottle, C, with a metallic base, D, and a 
strip of brass, E E, is bent and screwed to the 
inside of D. The neck, C, is well covered with 
sealing-wax, by waxing both inside and out. To 
preserve the insulating power of the instrument, 
it is surrounded at its base with an annular tin 
trough coated with sealing-wax, and containing 
chloride of calcium, the whole being covered air-tight with a receiver. 
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The distinguisher, Fig. 117, consists of a very thin Leyden phial, C. 

A is a wire connected with a brass tube, which 
forms the interior coating of this jar, and B is 
an exterior coating of the same kind, and these 
two coatings are at about f tbs of an inch distant 
from each extremity of the phial. The intervals 
D C, B C, are coated with sealing-wax inside 
and out. A, thus prepared, is fitted to a bottle 
with a metallic base, and is provided with a pair 
of gold leaves rather too short to reach the sides 
of the bottle, the neck of which, both inside and 
out, is covered with sealing-wax. This dis- 
tinguisher is charged every morning negatively^ 
and never fails to retain a good charge for 
twenty-four hours. It is conveniently placed 
upon a bracket a few feet distant from the con- 
ductor, to which, when used, it is approached by 
hand to some distance proportionate to the height of the charge. If 
the charge is positive, the leaves of course collapse more or less, but 
open again when withdrawn ; and if negative the divergence increases, 
and the operation can be performed without the least danger of 
lowering the tension of the conductor or injuring the gold leaves, let 
the height of the charge be what it may. 

(248) During a period of three years and seven months, viz., froui 
January, 1844, to July, 1848, both inclusive, electrical readings were 
taken at the Kew Observatory, at each even hour of Oreenwich mean 
time, as well as at sun-rise and sun-set. This long series of observa- 
tions, amounting to 10,526 readings, furnished materials for deducing 
the annual and diurnal periods of the electrical tension. The follow- 
ing is a very brief rtevme of Mr. Badcliffe Birt’s elaborate discussion 
{Mep. British Assoc. 1850) of the 10,526 readings; 10,176 were 
positive, 324 were negative, and 26 were not employed in the dis- 
cussion. The greatest number of positive observations (1047) 
were recorded at 8 a.m., and the least number (566) at 6 
A.M., but this latter number Mr. Birt considers as probably some- 
what too low; the hour of minimum tension appears to be 2 
A.M., a gradual rise taking place from that hour until 6 a.m. 
Between the hours of 6 and 8 a.m. a rapid rise occurs, the tension 
being nearly doubled: it then increases gradually until 10 a.m., 
when a maximum is passed, after which it gradually declines until 
4. P.M., the epoch of the diurnal minimum, as contradistinguished 
from the nocturnal minimum. The tension then rapidly increases 
until 8 P.M., and at 10 p.m. passes another maximum, rather con- 
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siderably above the maximum of 10* a.h. From 10. p.m. to mid- 
night the diminution of tension is enormous (81*4 divisions of Volta, 
No. 1.) The mid-night value is but slightly above the value at 
2 A.M., the epoch of the minimum. 

(219) Divrnal period — Summer. — Of the 10,176 positive observa- 
tions, 5,614 were taken in the summer months, during which greater 
uniformity prevailed than during the winter, the means approximated 
more closely to each other, the general course of the numbers was 
more regular, and the rise during the morning hours more gentle, 
though there was still a considerable diminution of tedsion between 
10 P.M. and midnight: 2 a.m. is the epoch of the principal mini- 
mum, the tension gradually rising until 10 A.ic., the forenoon maxi- 
mum ; the succeeding minimum occurs at noon, gradually rising till 
6 P..M., and then rapidly till 10 p.m., the principal inaximtm, from 
which time till midnight the decline is very considerable. 

Winter . — Of the 10,176 positive observations, 4,662 were made in 
the winter months, during which the range and amount of tension 
w ore much greater than in the summer ; the minimum was at 4 a.m., 
rising gently to 6 a.m., and rapidly to 10 a.m., the forenoon maxi- 
mum, then gradually sinking till 4 p.m., the afternoon minimum, and 
again rapidly rising till 8 p.m., the epoch of the evening, evening 
maximum, the fall from which till midnight being enormous. 

In both wunter and summer a double progression is most distinctly 
exhibited. The points of maxima and minima are well marked ; and, 
in most cases, present a tolerable fixity of epoch. The presence of 
log mostly occurring on those occasions when high electrical tensions 
have been observed, and serene weather being mostly characterised 
by low tensions, suggested the probability that the forenoon and 
evening maxima result, more or less, from the presence of aqueous 
vapour, either in an invisible or a condensed state. 

(250) Anwual period . — The discussion shows a march of the elec- 
trical tension during the 24 hours, constituting the period of a day. 
This march presents two well-defined maxima, in most instances 
removed from each other by an interval of twelve hours, the principal 
occurring at 10 p.m., and the inferior at 10 a.m. Two minima have 
also been ascertained, the principal at 4 a.m., and the subordinate 
at 4 P.M. : speaking generally in the diurnal period, the periods cha- 
racterised by high and low tensions, are those at which the sun is 
above and below the horizon ; but in the annual period the reverse 
appears to take place, the highest tension being exhibited during that 
portion of the year in which the sun is further removed from the 
northern temperate zone. A general correspondence was shown as 
to the months exhibiting the greatest degree of humidity and the 
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greatest electrical tension. The tension at sunset was, with but few 
exceptions, higher than at sun-rise. 

(251) Negative Electricity , — The number of readings (324) were 
too few to deduce anything like a diurnal period, but the great 
majority of instances in which negative Electricity was exhibited 
were characterized by two very interesting features. At Kew one of 
these features was the falling of rain, in most instances heavy, and 
the other the occurrence of cirro-strati^ and occasionally of cumulo- 
strati, which clouds were considered as having contributed their 
quota to the" development of the Electricity observed. On one 
occasion (June 10, previous to the faU of any rain, the Henley 

electrometer rose to 90° p., and sparks l^f inch in length passed 
from the conductor. The charge changed to n. shortly after the rain 
began, rising to 55° of Henley, and sparks j^bth of an inch were 
obtained. These high signs lasted about a quarter of an hour, but 
the charge of negative Electricity remained a considerable time after 
the rain had ceased, gradually diminishing. Although the small 
number of observations did not furnish data sufficient to determine a 
diurnal period, they pointed out a connexion between negative read- 
ings and the prevalence of clouds, when there was no rain, for though 
negative Electricity is generally, it is not always, accompanied by the 
falling of rain, nor is all rain accompanied by negative Electricity ; 
and, upon the whole, it was considered that negative readings are 
indications of considerable disturbances which are of a systematic 
character, and that, like positive Electricity, negative is also subject 
to well defined laws of diurnal periodicity. 

(252) The development of the electric force in tlie act more or 
less of the condensation of vapour is considered by Mr. Birt (Phil, 
Mag., vol. xxxvi. p. 161) as a point of peculiar prominence, and he 
believes that the entire process of nubification is intimately con- 
nected with this development, the different modifications of cloud 
being entirely dependent on the presence or absence of a disturbed 
electrical state. Not only when the condensation is effected, but 
when no previous disturbed state exists, it may actually be brought 
about by the condensation of vapour ; indeed he appears disposed to 
consider the condensation of vapour as the most productive source 
of the Electricity of the atmosphere. E. Phillips (Phil. Mag., vols. 
XXXV. and xxxvi.) adopts the same view. In his experiments on the 
Electricity of steam he found that a jet of steam imparts positive 
Electricity to any substance that it touches, while at the same time 
the steam may as a whole be more or less negative. When particles 
of water are projected through a steam cloud they are supposed to 
collect together the minute positive particles, thus becoming them- 
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selves positive, leaving the gaseous matter negative. In this way 
electrical developments may occur in the atmosphere, and lightning 
may result from the rapid condensation of the steam cloud, the 
descending rain and mist being positive, leaving the upper regions 
negative. According to this theory the tendency of lightning is to 
render the upper regions negative, and when the air is thus highly 
cliarged, if a column of mist sufficiently high and dense were 
interposed between the negative heavens and the positive earth, a 
series of disruptive discharges would take place which Phillips sug- 
gests may be the aurora. 

(253) The development of Electricity by condensation alone is 
shown by the following experiments. If a jet of w'ater be passed 


through a jet of steam in the same direc- 
tion as the steam is passing, the water 
]*eceives a charge of negative Electricity. 
If steam alone, or water alone, be intro- 
duced into a tin pipe, no electrical effects 
are ('xhibited ; but if steam and water be 
mixed a poaitive charge is indicated. 
Clreat increase in the fall of rain previous 
to the occurrence of lightning has been 
noticed by several observers ; and Mr. 
Birt’s answer to the question — “ Is the 
sudden gush of rain which is almost sure 
to succeed a violent detonation a cause or 
a consequence of the electric discharge?” — 
s(‘ems a satisfactory one. The rain in 
most cases precedes the lightning flash, 
which is the result of the agglomeration 
of many minute and feebly electrified 
globules into one rain-drop, by which the 
quantity of Electricity is increased in a 
greater proportion than the surfiice over 
which it is spread : the tension is therefore 
increased, and at last becomes enormous, 
and the flash escapes. 

(254) Fig. 118 represents the arrange- 
ment of the exploring conductor at the 
Meteorological Eoyal Observatory at 
Oreenwdch, under the superintendence of 
Mr. Glaisher. B is a copper tube, on 
w^hich the lantern, containing a lamp, A, 
which is always burning, slides. The rod 
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is supported on a cone of glass, the lower part of which is hollowed 
out and lined with copper, immediately under which is, in the wooden 
apparatus placed a lamp, which is kept constantly burning for the 
purpose of heating the copper, and thus keeping the glass dry. The 
glass cone is protected from rain, &c., by a copper umbrella, from 
which proceeds the wire F, communicating with the electrical instru- 
ments in the ante-room. The whole apparatus slides up and down 
the iron rods G G. The measuring instruments are the same as 
those employed at Kew, w ith the addition of a pair of Bohnenberger’s 
single-leaf pendant gold leaf electroscopes, w ith Zamboni’s dry electric 
piles (Fig. 10, p. 30) ; but as the communicating wire F has to pass 
for a considerable distance through the atmosphere in an unprotected 
state, a great portion of the charge must be lost by dissipation and 
radiation before it arrives at the apparatus room. There are likew ise 
several large trees in the immediate neighbourhood of the conductor. 
We believe, however, that it is in contemplation to erect an exploring 
conductor after the exact model of the one at Kew, on the summit 
of the Astronomical Observatory, a position in every respect unex- 
ceptionable. 

(255) A very valuable instrument for observing the Electricity of 
the atmosphere, simple in its construction alid certain in its results, 
of which any number may be made perfectly comparable with each 
other, was invented by the late M. Peltier, and called by hini the /w- 
duction Electrometer. It is thus constructed {Eep. Brit. Assoc. , 1849) : 
a hollow ball of copper, four inches in diameter, is placed at the top 
of a rod of the same metal, w hich is terminated at its low er extremity 
by a much smaller ball. From the last mentioned ball, insulated 
from the glass cover by a lump of shell-lac, descends a copper rod 
which bifurcates and forms a kind of ring. At the centre of this 
ring a small copper needle, which forms the essential part of the 
instrument, moves freely balanced on a pivot. When the Electro- 
meter is in its natural state the needle is brought to the magnetic 
meridian by a much smaller magnetic needle, which is parallel to it, 
and fixed immediately above it. Another copper needle, much 
thicker than the moveable one, forms a system with the rod which 
descends into a glass tube filled with shell-lac, and fixed into the 
wooden stand. Thus the entire metallic part of the apparatus is 
insulated, and Electricity can be communicated from it neither to 
the glass cover nor the stand. This insulation must be established 
with the greatest care. The stand is furnished with three levelling 
screws, which enable it to be placed horizontally. To prepare the 
instrument for an observation, it must be so placed that the fixed 
needle shall be in the direction of the magnetic meridian. In this 
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position the moveable needle, directed by its small magnetic needle, 
places itself parallel to the fixed needle. If now a body electrified, 
positively or negatively, be held over the ball, it decomposes by in- 
duction. The Electricity of this ball and its metallic appendages. If 
the body be positively electrified at the upper extremity of the ball, 
the negative Electricity by the positive Electricity in presence^ while 
in the lower part of the instrument the free positive Electricity 
causes the small needle to diverge from the position which it had at 
first, and its angle of deviation from the fixed needle 'lyill be greater 
as the free Electricity is more considerable. The angle of deviation 
is read off by means of two graduated circles, one of which is pasted 
to the stand, and the other to the glass cover, by this, parallax is 
avoided in the readings. If while the ball is influenced by external 
Electricity the stem be touched, the free Electricity, which we will 
assume to be positive, will be removed, and the needle will replace 
itself in the magnetic meridian. If the inducing body which coerces 
the negative Electricity at the upper part of the ball be removed 
immediately after, the Electricity will become free, and the moveable 
needle will diverge anew. 

(25(5) When an observation is to be made with this instrument, it 
is placed on a stand raised about 6 feet, and the stem touched as low 
as possible with a thin metallic wire to put it into electric equi- 
librium : the hand* is kept at as gteat a distance from the instrument 
as possible to avoid inductive action. The equilibrium being esta- 
blished, when the Electrometer is elevated, it gives signs of negative 
Electricity when lowered, while on being raised it indicates 'positive. 
AVhen the operation (which may be completed in eight or ten 
seconds) is thus performed, this change of sign must be taken into 
consideration, in order not to attribute a contrary Electricity to the 
atmosphere. In like manner a negative tension of the atmosphere is 
indicated, when the instrument on being lowered, gives a positive 
sign. The indications afforded by this Electrometer are simpler and 
more readily interpreted than atmospheric electrometers of the usual 
construction. It is affected only by the inductive action of the 
atmosphere, or rather by the difference of the inductive actions 
of tlie earth, and its superincumbent atmosphere, however the instru- 
ment be raised above or depressed below its point of equilibrium, or 
however the inductive action of the atmosphere may change while it 
remains in the same position, it neither receives nor loses Electricity, 
its distribution only is changed. But if, instead of a polished ball, 
the stem be terminated with a point, a bundle of points, or a lighted 
wdek, as in Volta’s experiments, to the phenomenon of induction 
there is added another, which compli(fates, and sometimes disguises 
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it; the uncoerced Electricity radiates into space, and though this 
radiation is greater as the induction is more powerful, yet it is also 
greatly influenced by the moisture of the air, rain, and the force of 
the wind, none of which circumstances affect in any obvious degree 
the induction electrometer. 

{257) A regular and uninterrupted series of observations was 
made with this instrument by M. Quetelet at the Royal Observatory 
in Brussels, from the beginning of August, 1844, till the end of De- 
cember, 1848, ^nd the results were published in the Annales de V Ohser- 
vatoire Royale de Rruaelles^ tom. vii. 1849. His experiments show 
that, Ist, the atmospheric Electricity, considered in a general manner, 
attains its maximum in January, and progressively decreases till the 
month of June, which month presents a minimum of intensity: it 
augments during the following months till the end of the year. 
2nd. The maximum and minimum of the year have for their 
respective values 605 and 47 ; so that the Electricity in January is 
thirteen times more energetic than in the month of June. The 
mean value of the year is represented by the values given by the 
months of March and November. 3rd. The absolute maxima and 
minima of each month follow a course precisely analogous to that of 
the monthly means ; the means of these extreme terms equally pro- 
duce the annual variation, although in a less decided manner. 
Quetelet also determined that the difference between the maximum 
and minimum is much more sensible in serene than in cloudy 
weather, but that in the months of June and July, when the 
Electricity attains its minimum, the reading is very nearly the same 
whatever be the state of the sky. He frequently noticed a strong 
Electricity, either positive or negative, at the approach or cessation 
of rain. During the whole four years included in his register, the 
Electricity was observed to be negative only twenty-three times, and 
these indications generally either preceded or followed rain and 
storms. 

(258) The following conclusions, deduced by M. Quetelet from 
his observations made to ascertain the diurnal variations of the 
Electricity of the air, are in very close accordance with those of Mr. 
Birt, as deduced from the Kew observations. 1st. The Electricity 
of the air, estimated always at the same height, undergoes a diurnal 
variation, which generally presents two maxima and two minima. 
2nd. The maxima and minima vary according to the different 
periods of the year. 3rd. The first maximum occurs in summer 
before 8 a.m., and towards 10 a.m. in winter: the second maximum 
is observed after 9 p.m. in the evening in summer, and towards 6 p.m. 
in the winter. The interval of time which separates the two maxima 
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is therefore more than thirteen hours at the epoch of the summer 
solstice, and eight hours only at the winter solstice. 4jthly. The 
minimum of the day presents itself to wards three o’clock in the summer, 
and towards one o’clock in winter. The observations were insufficient 
to establish the progress of the night maximum. 5thly. The instant 
which best represents the mean electric state of the day, in the 
different seasons, occurs about eleven in the morning. 

(259) The principal source of atmospheric Electricity was formerly 
supposed to be evaporation from the earth’s surface.^ The researches 
of Earaday and others into the phenomena of the hydro-electric 
machine (111 et seg.) have, however, induced Electricians to modify 
their views on this subject. M. Peltier has, indeed, endeavoured to 
prove {Annales de Chimie et de Thysique^ t. 4, 3rd series) that vapour 
produced at a temperature below 230® Fahr. never carries off 
free Electricity, and that as this temperature is not that of the 
surface of the globe, the electric vapours that rise cannot proceed 
from the simple evaporation of saline or pure waters. Whence then 
does the Electricity of clouds and fogs proceed? According to 
Peltier’s views, the terrestrial globe is a body charged with resinous 
Electricity, and the vapour which rises from it being resinous like 
itself, its tension reacts downwards against that of the globe, and 
successively reduces all its effects. But as vapour is to a certain 
extent conducteous, it does not long retain the equal distribution of 
its resinous tension. The incessant action of the globe repels the 
resinous Electricity’ towards the upper strata, and thus renders the 
lower strata vitreous. The denser the vapour, the more easily this 
is done. Accordingly it is found that towards evening, when con- 
densation is taking place, the electrometer gives higher indications 
than in the middle of the day. Every body situated on the surface 
of the earth shares in its resinous tension. The more it projects into 
space, the more does this tension increase. Thus, moimtains, edifices, 
and even organized beings, have greater degrees of resinous tension 
than the soil on which they rest. The electrometer exhibits a greater 
divergence under condensed vapours compacted into clouds, because 
the influence of the earth renders these clouds more resinous in the 
upper part than in the lower. As long as an insulated body remains 
in a state of equilibrium of reaction, it can give no manifestation of 
induced Electricity. The leaves of an induction electrometer remain 
at rest as long as the instrument is stationary, but when it is elevated 
or ^depressed, they acquire either a less resinous {vitreous) or a more 
resinous tension, because the reaction of the globe no longer operating 
in the same proportions over the instrument, the resinous Electricity 
becomes differently distributed ; it increases towards the upper part 
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wnen the electrometer is elevated, and becomes dominant in the 
lower portion when it is depressed, hence the leaves diverge in the 
former case with vitreous, and in the latter with resinous Electricity. 
Peltier applied his theory to the explanation of the various forms of 
clouds and fogs, and various other meteorological phenomena. We 
must refer our readers to his various memoirs. Annales de CJiimie et 
de Fhysique, t. iv. 3rd series; Bulletins de V Academic Boyale de 
Bruxelles, 1842-3 ; Traite des Tromhes ; Oom^tes Bendus from 1838 
to 1842. 

(260) The analogy between the electric spark and lightning was 
noticed at an early period of electrical science. In 1708 Dr. Wall 
mentioned a resemblance between Electricity and thunder and liglit- 
ning. In 1735 Mr. Grrey conjectured their identity, and that they 
differed in degree only ; and in 1748 the Abbd NoUet reproduced the 
conjecture of Grey, attended wdth more substantial reasons ; but it 
was reserved for the great American philosopher, Praiiklin, to demon- 
strate the identity by the bold experiment of bringing down lightning 
from the heavens by means of a kite, and of performing with it 
experiments similar to those usually made with ordinary Electricity. 
The circumstances connected with this brilliant discovery have been 
fully detailed in our introductory chapter (16). 

(261) Lightning and thunder, then, are atmospheric electrical 
phenomena, and the terrific thunder-storm must be regarded as 
indicating the process by which nature disposes from time to time of 
an excess of that Electricity which is required and generated for the 
purpose of carrying on the process of vegetation, and probably also 
of animal life. A thunder-storm is the result of an electrical dis- 
turbance arising from the accumulation of active Electricity in 
masses of vapour (clouds), condensed in the atmosphere. Agreeably 
with the laws of induction, a mass of electrified vapour determines an 
opposite electrical state over that portion of the earth’s surface 
directly opposed to it; the particles of intervening air assume a 
peculiar forced electrical state, which has been termed polarized, and 
when the tension has been raised to a certain point, and the particles 
can no longer resist the tendency of the opposite electrical forces to 
combine, they are displaced and broken through w ith a greater or 
less degree of mechanical violence. Thus, in Pig. 119, let P 
represent a mass of clouds charged with positive Electricity, 
and V the opposed portion of the earth’s surface rendered induc- 
tebusly negative ; a, h, c, d may be taken to represent four particles 
of intermediate air, the electrical forces in which are, under the 
influence the cloud, no longer distributed in a state of inactivity 
over their surface, as shown in e, where the black squares may be 
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taken to represent the positive force, and the unshaded squares the 
negative force, but are arranged in what may be termed a polar 

Fig. 119. 






manner, with their opposite electrical forces concentrated on each of 
their opposite faces, and the lightning flash is an indication of the 
return of the particles to their normal condition by disruptive dis- 
charge (124) between them. The clouds and the earth, or two 
oppositely electrified clouds, correspond to the coatings, and the 
intervening air to the glass, of the Leyden phial, and the thunder- 
storm is the charging and discharging of this huge system. 

(262) The appearance of the heavens previous to and during a 
thunder-storm was first diligently studied by Beccaria.* He noticed 
that a dense cloud was first formed, increasing rapidly in magnitude, 
and ascending into the higher regions of the atmosphere. The 
lower end is black, and nearly horizontal ; but the upper is finely 
arched, and well defined. Many of these clouds often seem piled one 
upon the other, all arched in the same manner ; but they keep con- 
stantly uniting, swelling, and extending their arches. When such 
clqjuds rise, the firmament is usually sprinkled over with a great 
number of separate clouds of odd and bizarre forms, which keep 
quite motionless. When the thxmder-cloud ascends; these are drawn 

Lettre dell’ Elettricisiuo, Bologna, 1756. 
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towards it, and as they approach they become more uniform and 
regular in their shapes, till cpming close to the thunder-cloud their 
limbs stretch mutually towards each other, finally coalesce, and form 
one uniform mass. But sometimes the thuuder-cloud will swell and 
increase without the addition of these smaller adscititious clouds. 
Some of the latter appear like white fringes at the skirts of the 
thunder-cloud, or under the body of it j but they continually grow 
darker and darker as they approach it. 

(263) When *the thunder-cloud, thus augmented, has attained a 
great magnitude, its lower surface is often ragged, particular parts 
being detached towards the earth, but still connected with the rest. 
Sometimes the lower surface sw^ells into large protuberances, tending 
uniformly towards the earth ; but sometimes one wrhole side of the 
cloud will ha^e an inclination to the earth, which the extremity of it 
will nearly touch. When the observer is under the thunder-cloud 
after it is grown large and is well formed, it is seen to sink low'er and 
to darken prodigiously, and at the same time a great number of small 
clouds are observed in rapid motion driven about in irregular direc- 
tions below it. While these clouds are agitated with the most rapid 
motions, the rain generally falls in abundance ; and if the agitation 
be very great, it hails. 

While the thunder-cloud is swelling and extending itself over a 
large tract of country, the lightning is seen to dart from one part of 
it to another, and often to illuminate its whole mass. When the 
cloud has acquired a sufficient extent, the lightning strikes betw’cen 
the cloud and the earth in two opposite places, the path of the light- 
ning lying through the whole body of the cloud and its branches. 
The longer this lightning continues, the rarer does the cloud grow% 
and the less dark in its appearance, till it breaks in different places, 
and show’s a clear sky. When the thunder-cloud is thus dispersed, 
those parts which occupy the upper regions of the atmosphere are 
spread thinly and equally, and those that are beneath are black and 
thin also, but they vanish gradually, without being driven away by 
the wind. 

(264) The following is the account given by Dr. Thomson : — “ A 
low dense cloud begins to form in a part of the atmosphere that was 
previously clear. This cloud increases fast, but only from its upper 
part, and spreads into an arched form, appearing like a large heap of 
cotton wool. Its under surface is level, as if it rested on a smooth 
plane. The wind is hushed, and everything appears preternaturally 
calm and still. 

t 

Numberless small ragged clouds, like teaseled flakes of cotton, 
soon begin to make their appearance, moving about in various dircc- 
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tions, and perpetually changing their irregular surface, appearing to 
increase by gradual accumulation. As they move about, they approach 
each other, and appear to stretch out their ragged arms towards each 
other. They do not often come into contact, but after approaching 
very near each other, they evidently recede, either in wholes or by 
bending away their ragged arms. 

“During this confused motion, the whole mass of small clouds 
approaches the great one above it ; and when near it, the clouds of the 
lower mass frequently coalesce with each other before they coalesce 
with the upper cloud ; but as frequently the upper *cloud coalesces 
without them. Its lower surface, from being level and smooth, now 
becomes ragged, and its tatters stretch down towards the others, and 
long arms are extended toward the ground. The heavens now darken 
apace, and the whole mass sinks down. Wind rises and jfrequently 
shifts in squalls. Small clouds move swiftly in various directions. 
Lightning darts from cloud to cloud. A spark is sometimes seen 
co-existent through a vast ‘horizontal extent of a zig-zag shape, and 
of different brilliancy in different parts. Lightning strikes between 
the clouds and the earth, frequently in tw^o places at once, — a heavy 
rain falls, — the cloud is dissipated, or it rises high and becomes light 
and thin. These electrical discharges obviously dissipate the Electri- 
city ; — the cloud condenses into water, and occasions the sudden and 
heavy rain which always terminates a thunder-storm. The previous 
motions of the clouds, which act like electrometers, indicate the 
electrical state of different parts of the atmosphere.” 

(265) A great difference will be observed in the appearance of the 
flashes of lightning during a thunder-storm. The scene is sometimes 
rendered awfully magnificent by their brilliancy, frequency, and 
extent ; darting sometimes, on broad and well-defined lines, from 
cloud to cloud, and sometimes shooting towards the earth ; they then 
become zig-zag and irregular, or appear as a large and rapidly-moving 
ball of fire — an appearance usually designated by the ignorant a thuu'- 
der-bolt^ and erroneously supposed to be attended by the fall of a 
solid body. The report of the thunder is also modified according to 
the nature of the country, the extent of the air through which it 
passes, and the position of thq observer. Sometimes it sounds like 
the sudden emptying of a large cart-load of stones ; sometimes like 
the firing of a volley of musketry ; in these cases it usually follows 
the lightning immediately, and is near at hand : when more distant 
it. rumbles and reverberates, at first with aloud report, gradually 
dying away and returning at intervals, or roaring like the discharge 
of heavy artillery. In accounting for these phenomena, it must be 
remembered that the passage of Electricity is almost infinitely rapid. 
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A discbarge through a circuit of many miles has been experimentally 
proved to he instantaneous : the motion of light is similarly rapid ; 
and hence the flash appears momentary, however great the distance 
through which it passes : but sound is infinitely slower in its progress, 
travelling, in air, with a velocity of only 1130 feet in a second, or 
about twelve miles in a minute. Now, supposing the lightning to 
pass through a space of some miles, the explosion will be first heard 
from the point of the air agitated nearest the spectator; it will 
gradually come from the more distant parts of the course of the 
Electricity ; anS, last of all, will be heard from the remote extremity: 
and the diflTerent degrees of the agitation of the air, and likewise the 
diflerence of the distance, wiU account for the different intensities 
of the sound and the apparent reverberation and charges. 

(266) Thunder only takes place when the different strata of air ' 
are in different electrical states : the clouds interposed between these 
strata are also electrical, and owe (according to Dr. Thomson) their 
vesicular nature to that Electricity. They are also conductors. The 
discharges usually take place between two strata of air ; more rarely 
between the air and the earth ; and sometimes without noise, in w hich 
case the flashes are veiy^ bright : but they are single, passing visibly 
from one cloud to another, and confined, usually, to a single quarter 
of the heavens. When the discharge is accomj>anied by thundt r, a 
number of simultaneous and different-coloured flashes may generally 
be observed stretching to an extent of several miles. These seem to 
be occasioned by a number of successive discharges from one cloud 
to another, the intermediate clouds serving as intermediate conductors, 
or stepping-stones as it were, for the electric fluid. It is these dis- 
charges which occasion the rattling noise. Though they are all made 
at the same time, yet, as their distances are different, they only reach 
the ear in succession, and thus occasion the lengthened rumbling 
noise — so different from the snap which accompanies the discharge 
of a Leyden jar. 

(267) The snap attending the spark from the prime conductor of 
an electrical machine and the awful thunder-crash are undoubtedly 
similar phenomena, and produced by the same action. The cause is 
the vibration of the air agitated by jjhe passage of the electric dis- 
charges with a greater or less degree of intensity : and two explana- 
tions may be given of the manner in which the vibration is produced. 
On the one hand, it may be imagined that the electric fluid opens for 
itself a passage through air, or other matter, in the manner o^ a 
projectile, and that the sound is caused by the rush of the air into 
the vacuum produced by the instantaneous passage of the fluid : or, 
on the other hand, the vibration may be referred to a decomposition 
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and recomposition of Electricity in all the media in which it appears. 
On this hypothesis, the continued roll is the effect of the compara- 
tively slow propagation of sound through the air, and it may be thus 
illustrated.* Suppose a flash of lightning 11,300 feet in length, or 
that the spark is instantaneously seen from one end to the other of 
this line. At the same instant that the flash is visible the vibration 
is communicated to the atmosphere through the whole extent of the 
line. Now suppose an observer placed in the direction of the line 
of the flash, and at the distance of 1,130 feet from on^ end : then, 
since sound travels at the rate of 1,130 feet in a second, one second 
will elapse after the flash has been seen before any sound will be 
heard. When the sound begins, the vibration communicated to the 
nearest stratum of air has reached his ear ; and since the line of 
disturbance has been supposed to be 11,300 feet in length, the 
vibrations of the more distant strata wiU continue to reach his ear in 
succession, during the space of ten seconds. Hence, the length of 
the flash determines the duration of the sound: and it follows that 
the same flash will give rise to a sound of greater or less duration, 
according to the position of the observer with respect to its direction. 
Thus, in the above instance, suppose a second observ^er to be placed 
under the line, and towards its middle, he would only hear the sound 
during half the time it was heard by the first observer ; and if we 
suppose the line to be circular, and the 'observer to be placed near its 
centre, the sound would arrive from every point at the same instant 
in a violent crasli. 

(2G8) Although the vibratory motion is communicated to all the 
strata of air along the whole length of the flashy they will not all 
receive the same impulsion unless they are all at the same tempera- 
ture, and in the same hygrometric state, which can rarely happen. 
Hence, although proceeding from the nearest point, the first im- 
pression of the sound is not always the most intense. 

The latter of these two ways of accounting for the vibration, seems 
to accord best with facts ; for, in the first place, it has been objected 
that if the noise were occasioned by the electric fluid forcing for itself* 
a passage through the air, a similar sound ought to be produced by a 
cannon-ball : and a still stronger objection is, that experiments seem 
to indicate that the electric fluid is not transferred from point to 
point like a projectile of ponderable matter, but by the vibration of 
an elastic medium, as sound is conveyed through the atmosphere. 

The, equilibrium of the clouds is sometimes restored by a single 
flash of lightning: at other times the accumulation is so immense, 


• See Brand's Dictionary of Science, Literature, and Art. Article, Thunder. 
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and the neighbouring strata of air so strongly charged, that the 
flashes continue for hours before they terminate in a storm of rain. 

(269) A person may be killed by lightning, although the explosion 
takes place twenty miles off, by what is called the back stroke. Sup- 
pose that the two extremities of a cloud highly charged hang down 
to the earth, they will repel the Electricity from the earth’s surface 
if it be of the same kind as their own, and will attract the other 
kind: if a discharge should suddenly take place at one end of the 
cloud, the eqjailibrium will instantly be restored by a flash at that 

. point of the earth -which is under the other. Though this back stroke 
is often sufficiently powerful to destroy life, it is never so terrible in 
its effects as the direct shock. 

When a building is struck by lightning, the charge is generally 
determined towards the chimney, owing to its height, and to the con- 
ducting power of the carbon deposited in it ; for it has been demon- 
strated experimentally, that the electric fluid w-ill pass with facility to 
a considerable distance over a surface of carbon. 

(270) This is illustrated in the following account of the effects of a 
terrific flash which struck the house of Mr. Thomas Smith, at Brabourn, 
in Kent (Elect, Mag. July, 1846). “ Mr. Smith was roused by hearing 
a tremendous crash in the adjacent room, in which five of his children 
were sleeping. On reaching the room he found the chimney levelled 
from the 'top to the floor ^ the bricks and rubbish nearly covering it, 
and some portion of the bed. The children were fortunately unhurt 
with the exception of one, the eldest, a boy about thirteen years of 
age, who received a severe contusion from one of the falling bricks on 
the left eye. Their escape was almost miraculous, as one of the bed- 
posts was shivered into splinters, and the pillows were actually 
driven from under the heads of the children, one entirely through 
the door, the panels of -which were forced out and the other left 
hanging in the aperture, the bed-clothes -were afterwards found to 
be ignited in two places, each about the size of half a crown, but by 
timely attention further calamity was prevented. On afterguards 
examining the premises it was found that the electric fluid had passed 
do-wn the stairs, through the back wash-house to the hog-sty, wherein 
were two fine animals weighing each about seven score ; one was struck 

‘ dead, and the other escaped unhurt. The house was so much damaged 
that it was thought necessary to take it down.” 

(271) Again, in the following account contained in a letter to Mr. 

Weekes from Mr. Layton of Sandwich (Elect. Mag, vol. ii. p. 123). “I 
was watching the lightning at four o’clock in the morning (July 3, 
1846), as I lay in bed, when my eye was attracted by a momentary 
blaze between the fire-place and the window beyond my bed curtain, 
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attended by a very loud, sharp, stunning noise ; it seemed like the 
discharge of a cannon, a volley of mortar fragments flew all over the 
room. Afterwards, a second perhaps, came the thunder. Tlie blaze 
w^as elliptic, about four feet horizontally, as perfectly distinct as the 
blaze of a gas light ; its outline however was not defined like that 
w^hich is compressed by the atmosphere, while here, the pressure being 
sudden and from within, the border was diluted and rugged. The 
stench was abominable, it seemed as if driven into the substance of 
every thing in the room. Nothing was burnt. On exaipination the 
electric body appeared to have entered the chimney through the side of 
the poty in which it made a hole large enough to admit two fingers y and 
which it forced about eight inches from its place ; it then descended 
some twenty or five and twenty feet, when it came through a crack 
in the front of the chimney, and burst the paper, forcing out the canvas 
without tearing it, as if the blunt end of a stick had been pushed 
against it ; thence it passed downwards between the bricks and the 
canvas till it met obstruction in the wooden mantel-shelf fastened to 
the bricks, w hen it broke into the roornTburstingboth canvas and paper, 
and forcing the w^ood-work about an inch forward ; the flash in this 
case probably divided, the principal current descending the funnel in 
a direct line to the earth, while another portion passed off laterally 
through the w all from whence it burst into the bed chamber.” 

(272) The directions to be given as to the best positions of safety 
during a thunder-storm are few and simple. If out of doors, trees 
should be avoided ; and if from the rapidity with which the explosion 
follows the flash it should be evident that the electric clouds are near 
at hand, a recumbent posture on the ground is the most secure. It 
is seldom dangerous to take shelter under sheds, carts, or low build- 
ings, or under the arch of a bridge : the distance of tw^enty or thirty 
feet from tall trees or houses is rather an eligible situation, for, 
sliould a discharge take place, these elevated bodies are most likely 
to receive it, and less prominent bodies in the neighbourhood are 
more likely to escape. It is right also to avoid watery for it is a good 
conductor ; and the height of a human being near the stream is not 
unlikely to determine the direction of .a discharge. Within doors we 
are tolerably safe in the middle of a carpeted room, or when standing 
on a double hearth rug. The chimney, for reasons above stated, 
should be avoided: upon the same principle, gilt mouldings, bell- 
wires, &c., are in danger of being struck. In bed we are tolerably 
safe — blankets and feathers being bad conductors, and w'e are, con- 
sequently, to a certain extent, insulated. It is injudicious to take 
refuge in a cellar, because the discharge is often from the earth to a 
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cloiidi and buildings frequently sustain the greatest injury in the 
basement story. 

(273) Arago* divides the phenomena of lightning into three classes. 
In the first he places those luminous discharges characterized by a 
long streak of light, very thin, and well defined at the edges ; they 
are not always white, but are sometimes of a violet or purple hue ; 
they do not move in a straight line, but have a deviating track of a 
zigzag form. They frequently divide in striking terrestrial objects, 
into two or ^lore distinct streams, but invariably proceed from a single 
point. Under the second class Arago has placed those luminous 
effects not having any apparent depth, but expanding over a vast 
surface; they are frequently coloured red, blue, and violet; they 
have not the activity of the former class, and are generally confined 
to the edges of the cloud from which they appear to proceed. The 
third class comprises those more concentrated masses of light 
which he has termed globular lightning. The long zigzag and 
expanded flashes exist but for a moment, but these seem to endure 
for many seconds ; they appear to occupy time, and to have a progres- 
sive motion. 

“ It is more than probable,” observed Sir W. Harris {Sssat/ on the 
Nature of Thunder-storms, p. 35), “ that many of these phenomena are 
at last reducible to the common progress of the disruptive discharge, 
modified by the quantity of passing Electricity, the density and 
condition of the air, and the brilliancy of the attendant light. When 
the state of the atmosphere is such that a moderately intense discharge 
can proceed in an occasionally deviating zigzag line, the great nucleus 
or head of the discharge becomes drawn out as it were into a line of 
light visible through the whole track ; and if the discharge divides on 
approaching a terrestrial object, !,we have what sailors call forked 
lightning ; if it does not divide, but exhibits a long rippling line, with 
but little deviation, they call it chain lightning. What sailors term 
sheet lightning is the light of a vivid discharge reflected from the 
surfaces of distant clouds, the spark itself being concealed by a dense 
intermediate mass of cloud, behind which the discharge has taken 
place. In this way an extensive range of cloud may appear in a blaze 
of light, producing a truly sublime effect. The appearance termed 
globular lightning may be the result of similar discharges ; it is no 
doubt always attended by a diffusely luminous track; this may, 
however, be completely eclipsed in the mind of the observer by the 
great concentration and density of the discharge, in the points 
immediately through which it continues to force its way, and where 
* Annuaire du Bureau des Longitudes, po\xr 1888. 
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the condensation of the air immediately before it is often extremely 
great. It is this intensely illuminated point which gives the notion 
of globular discharge : and it is clear, from the circumference of air 
which may become illuminated, the apparent diameter will often be 
great. Mr. Hoarder, of Plymouth, once witnessed a discharge of 
lightning of this kind on the Dartmoor Hills, very near him. Several 
vivid flashes had occurred before the mass of clouds approached the 
hill on which he was standing ; before he had time to retreat from 
his dangerous position, a tremendous crash and explosion burst close 
to him. To use his own words, ‘ the spark had the appearance of a 
nucleus of intensely ignited matter, followed by a flood of light ; it 
struck the path near me, and dashed with fearful brilliancy down its 
whole length, to a rivulet at the foot of the hill, where it termi- 
nated.’ ” 

(274) That the appearances termed fire-balls must be regarded as 
peculiar forms of disruptive discharge is evident from the folio wdng 
cases furnished by IVir. Chambers, as occurring on board the “ Mon- 
tague;” and by Captain Stewart, commander of the Hon. East 
India Company’s ship “ Lady Melville.” In Mr. Chambers’ account 
(Phil, Trans, vol. xlvi. p. 83G) it is stated that whilst engaged in 
taking an observation on the quarter-deck, one of the quartermasters 
requested him to look to windward ; upon which he observed a large 
ball of blue fire rolling along on the surface of the w^ater, as big as a 
mill-stone, at about three miles distant. Before they could raise the 
main tack, the ball had reached within forty yards of the main-chains, 
when it rose perpendicularly with a fearful explosion, and shattered 
the maintop-mast in pieces. 

The account from the journal of the ‘‘Lady Melville” {Elect, 
Mag. vol. i. p. 283) is as follow s : — 

“ At four, P.M., a great deal of wind; lightning and heavy black 
clouds passing over head ; at half-past six a hall of fire struck the 
mainmast, passed through the upper deck, making a hole about 
eighteen inches in diameter and four feet from the mast, when it 
exploded on the gun-deck with a tremendous noise, and forcing the 
deck upwards abaft the mainmast. About a quarter past seven 
another ball of fire struck the mainmast, and ascending upwards and 
passing through the centre of the mast, it exploded writh a loud 
crackling noise like a roll of musketry, with vivid sparks, breaking 
several of the large iron hoops which surround the mast, and scattering 
the fittings in all directions. A sailor, on approaching the hole on 
the deck, was scorched so severely from below upwards, that he died 
twelve days after in extreme agony. The compass was not aflected, 
nor was there any smell.” 
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In June, 1826, two young ladies were struck dead by lightning 
on the Malvern Hills, and it was stated {Lloyd^s Evening Post) that 
the electric discharge appeared as “ a mass of fire rolling along the 
hill towards the building in which the party had taken shelter.” 

Harris thinks that in many cases, in which distinct balls of fire of 
sensible duration have been perceived, the appearance has resulted 
from the species of brush or glow discharge (127 — 135) which 
may often precede the main shock. In short, it is not difficult 
to conceive, that before a discharge of the whole system takes place, 
that is to say, before the constrained condition of the dielectric 
particles of air intermediate between the clouds and the earth 
becomes as it were overturned, the particles nearest one of the 
terminating planes or other bodies situate on them may begin to 
discharge upon the succeeding particles, and make an eflbrt to restore 
the natural condition of the system by a gradual process. 

If therefore we conceive the discharging particles to have a pro- 
gressive motion from any cause, then we shall immediately obtain 
such a result as that observed by Mr. Chalmers, on board the 
“ Montague,” in which a large ball of blue fire was observed rolling 
on the surface of the water towards the ship from to-tcindward. This 
was evidently a sort of glow discharge, or St, Ilelmo's fire, produced 
by some of the polarized atmospheric particles yielding up their 
Electricity to the surface of the water. The clouds were in rapid 
motion ; the discharging particles had motion towards the ship, the 
rate of which appears from the account, to correspond with the 
velocity of the breeze. On nearing the ship, the point of discharge 
became transferred to the head of the mast : and the striking distance 
being thus diminished, the whole system returned to its normal state, 
that is to say, a disruptive discharge ensued between the sea and the 
clouds, producing the usual phenomena of thunder and lightning, 
termed by the observers, the “ rising of the ball through the mast of 
the ship.” The fatal occurrence on the Malvern Hills, is another 
instance of the same kind. It is therefore highly probable that these 
appearances so decidedly marked as concentrated balls of fire, are 
produced by the glow or brush discharge, producing a St. Helmo's 
fire in a given point or points of a charged system previously to the 
more general and rapid union of the electrical forces; whilst the 
greater number of discharges described as globular lightning, are, as 
already observed, most probably nothing more than a vivid and dense 
electrical spark in the act of breaking through the air, which, coming 
suddenly on the eye, and again vanishing in an extremely small 
portion of time, has been designated a ball of light 
* Nature of Thunder-storms, p. 39. 
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(275) Some very remarkable appearances of lightning, during a 
terrific storm which occurred in the neighbourhod of Manchester, 
on the 16th of July, 1850, were observed by Joule (JPhil, Mag,, 
vol. xxxvii.), and Clare (ibid, p. 336). Each discharge appeared 
to emanate from a mass of clouds the S. W., and travelled six or 
ten miles in the direction of the spectator, dividing into half a dozen 
or more sparks or zig-zag streams of light, and not striking ilte 
ground, the elevation being apparently about three and half miles. 
A remarkable feature noticed by both observers was the sensible 
time of its travelling. The main streams were formed before the 
diverging sparks, and when formed, remained steady for an appre- 
ciable time. The flashes from cloud to cloud presented a great 
variety of forms and ramifications; sometimes appearing like the 
branched roots of trees, and occasionally with blight balls at the 
termination of all or some of the branches. 

(276) The most appalling description of the phenomena attending 
some thunder-storms that we have met with, is in a communication 
from Mr. S. Strickland to the Electrical Magazine (vol. ii. p. 125). 
Wc quote certain parts of this description as illustrating the identity 
of fire-balls with electric discharges. I was soon startled by 
seeing a fire-ball pass before me, within a few yards of my gun, and 
strike a small tree ; others passed me ; some having streams or 
tails several yards in length, and all about eight or nine feet from 
the ground : they all ended by striking one or other of the trees, 
within two hundred yards of me : some passed over my head, others 
stopped short and struck the trees in the wood ; they all uttered a 
a cauldron-like roar as they passed, and gave out a crackling din as 
they terminated their career. Dreading the close vicinity of these 
fire-balls, I lay at full-length on the ground watching and counting 
them as they flew : I observed that each spark spread to the size 
of the double fist, and emitted a dazzling light of a brilliant silvery 
whiteness. This scene lasted for more than a quarter of an hour, 
when the approach of a heavy fall of rain induced me to crawl to 
my gun, in order that I might protect it from the wet. I instantly 
felt w^hat resembled the fall of a heavy wool-sack on my head : the 
feeling passed down my chest, producing involuntarily a deep sob, 
and then down my stomach, producing a sensation of deadly sickness, 
and a horrid smell of sulphur on my clothes. A violent shower fell, 
accompanied by large transparent pieces of ice, about an inch and a half 
long,^ and three-quarters of an inch wide, broken at the end. Never 
less than tw^o, and frequently as many Vi^five fire-baUs were in view at 
the same time ; their flight was not so rapid as to be called instan- 
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taneous, for I could at times watch one through its course before 
another appeared ; they all ended with two or more crackling reports, 
crossing each other in all directions, striking the trees at all heights, 
and also striking the ground.” Mr. Strickland suggests that these 
remarkable phenomena may hafe been occasioned by the resistance 
offered to the electric fluid by the unusually dry state of the earth, 
there having been scarcely a shower of rain since the preceding 
January ; the electric fluid “ laying piled, as it were, on the ground 
in masses or heaps, and finally making its escape by the roots of 
trees, or by projecting masses of solid rock.” This peculiar form of 
discharge seems to be well explained by referring it to the con- 
tinuous charge and discharge of dry air, the particles of which, as they 
are charged to a sufficient degree of tension, move onw^ards, making 
room for others. This form of discharge is unaccompanied by 
thunder ; but that it is not less destructive in its effects than the 
more common lightning flash, appears from the following case 
reported by M. Eegnier, in a letter to M. Merimce. {Report of the 
French Academy^ August, 1846.) A girl, eighteen or twenty 
years of age, was reaping with her father and mother in hot, dry 
weather, at 3 p.m. the father saw a cloud approaching, and expecting 
a storm to be at hand, he sent his daughter homeward, he and his 
wife intending to overtake her. The girl set out in a direction 
toward the cloud ; and the father, in a few' moments, turned to see 
what had become of her, and was surprised to see her a few paces 
from him lying on her face. On approaching, he found her 
motionless and lifeless. Three hours after the event M. Eegnier 
accompanied the juge de paix to the field w'here the girl still lay in 
the position, as they told him, in which she had been found. Her 
arms were not forward, as ocemrs in ordinary falls, where time is 
given for this instinctive action ; her dress was not raised, but her 
bonnet was three or four paces from her. On examining the body, 
there were marks as if of a burn on the right groin, and under the 
right arm, and there were a few drops of blood in the right ear, 
otherwise there were no external hurts; but the body was not 
opened. The conclusion arrived at was, that death was occasioned 
by lightning, notwithstanding the declaration of the father of the 
girl who affirmed that he did not hear the slightest noise, M. Eegnier 
thinks that the electricity rose from the earth, because the bonnet 
was driven off and not on, and the marks on it resembled those 
which a stick writh a rounded end might give when acting from below 
upward. 

(277) A curious case is related by Professor Thomson, of Glasgow 



LIGHTNIira COKDUCTOBS. 


209 


(PA^7. Mag. vol. xxxvii. p. 54?), where two bell- wires hanging parallel 
to each other were attracted^ probably by an electro-magnetic action, 
at the moment of the discharge of a flash of lightning down them, 
and compressed together with such force that it was difficult to 
separate them, being partially fused. The paper on the wall in the 
neighbourhood of the wires was stained with oxide of copper dispersed 
by the shock from the wires. 

(278) Many of the extraordinary effects of lightning on buildings 
may, according to Peltier {Comptes Bendus, December J6, 1844), 
be understood by referring to the very unequal conducting pro- 
perties of the materials which enter into their construction. He 
insists on the complete opposition existing between the phenomena 
of static and those of dynamic Electricity. When a conductor is 
sufficient to give a free passage to an electric discharge, we obtain 
notliing beyond dynamic effects, which are rendered evident by an 
elevation of . temperature, by a vaporization of liquid, &c., but there 
is no indication of the attractions and repulsions that are peculiar 
to static Electricity. When the conductor is insufficient, the two 
orders of phenomena exist simultaneously ; the dynamic phenomena 
are produced by the portion which passes through the conductor, 
the static by the portion arrested by its insufficiency. ‘Now w’hen 
lightning strikes a building, there are, on account of the excessively 
unequal conducting properties of the materials over which it passes, 
powerful -actions of static Electricity. Wherever the Electricity is 
arrested it accumulates ; and here, between the portions of the 
floors and the walls, for instance, powerful effects of attraction 
are produced, tearing up the floors and the skirting boards and 
destroying such furniture as may be near the moist soil and the 
conductor. 

(279) Lightning Conductors. — To Franklin, whose active mind was 
constantly directed to practical applications of the facts disclosed by 
science, we are indebted for the suggestion of a method of defending 
buildings from the dreaded effects of lightning. His method was 
to erect by the side of the buildihg to be protected a continuous 
metallic rod in perfect communication with the earth, and experience 
has fully demonstrated the value of this precaution. 

In the choice of a conductor, preference should be given to 
copper, and it is well to divide the extremity into three or four 
points : it should penetrate the ground sufficiently deep to be in 
close, contact with a stratum of moist soil, or, if possible, with a 
spring of water, and it should be carried above the highest point of 
the building. Great care should be taken that every part of the rod 
ho perfectly continuous^ andi that its substance be sufficient to prevent 

p 
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any chance of its being melted: perfect security on this head is 
arrived at by employing a copper rod of one inch in diameter. The 
conductor should be applied as closely as possible to the walls of the 
building, and all contiguous masses of metal, such as gutters, water- 
pipes, &c., should be metallically connected with it. “ The practice 
of insulating the conductor,’* observes Sir William Harris {^Nature 
of Thunder-storms^ p. 128), “ by means of pitch, glass, or some bad 
conducting substance, or otherwise to apply it at a short distance 
from the walls eo as to interpose a stratum of air between it and the 
building, is not only useless, but disadvantageous, and implies a 
distrust of the principles upon which the conductor is founded.” 
Numerous carefully conducted experiments have proved that an 
electrical discharge never leaves an easy line of transit in order to 
pass upon matters out of that line ; but if it should, it can scarcely be 
imagined that a lightning flash that can break through several 
hundred yards, and shiver into fragments the most compact bodies, 
would be arrested in its course by a few inches of any solid insulating 
substance, or by a few feet of air. Equally inconsistent with the 
principles of electrical science is the practice not unfrequently 
adopted of placing balls of glass on the projecting points of build- 
ings, under the impression that glass being a non-conductor of 
Electricity, it would divert the lightning from the building. Christ 
Church, at Doncaster, was thus “protected ” till it was struck by a 
flash of lightning, and nearly demolished. On the other hand, a well 
arranged lightning-conductor does not invite the lightning any more 
than a rain-pipe attracts the rain which falls on a building during a 
shower. Its action is purely passive; it offers to the disruptive 
discharge a line of small resistance, whereby those irresistible 
mechanical effects which attend the passage of the discharge through 
resisting matter are prevented. A conductor erected with the pre- 
cautions above described was considered by the Erench philosophers 
{Annales de Chimie et de Physique, vol. xxvi.) adequate to protect a 
circular space of a radius double its height above the highest point 
of the building to which it is attached. A case is, however, related by 
Loomis {American Jowrnal of Science, 1850, p. 320), in which a con- 
ductor constructed according to this rule failed to protect entirely the 
building, and he thinks it unsafe to rely upon a rod to protect a 
circle whose radius is more than once and a half the height of the 
rod. 

A building with a metaJlic roof is protected in a very simple man- 
ner. The roof should be connected by straps of copper, with the 
metallic gutters which carry oflf the rain-water, and rods, projecting 
fifteen or twenty inches from the tops of the chimneys, should like- 
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wise be soldered to tbe roof. The lightning being transmitted prin- 
cipally along the stirface of a conductor, an ordinary sized metallic 
gutter will conduct silently the most violent discharge that may fall 
from the clouds. 

(280) The great importance of attending to the conducting condi- 
tion of the ground in which the end of the conductor is fixed, and of 
securing an efficient discharging train, is exemplified in the following 
account of mischief done by a flash of lightning to a hou&e furnished 
with a lightning conductor, communicated by M. de.Carville to the 
French Academy of Sciences, January 19th, 1846 {Elect, Mag., vol. 
ii. p. 314). 

“ On the morning of Dec. 20, 1845, during a heavy hail shower, a 
fire-ball was seen to bifurcate in the vertical of the lightning conduc- 
tor, placed at the centre of the chateau of Boisyvon near Vire, 9*1 
metres in length above the top of the roof. The electric fluid imme- 
diately produced great havoc on both sides of the chateau, at 9 
metres distant from the conductor. In the points where the Electri- 
city reached the earth, several persons perceived^as it were a large 
tube of fire rolling on the ground. The conductor of tbe lightning 
rod descends into the ground by a drain, 0*11 metres square at the 
surface of the said ground, and 0*20 metres at the moment ivhere it 
eiilarges, and forms a walled reservoir of about a metre in dimneter. 
The whole was filled with carbon. A walled reservoir speaks volumes.** 

(281) When large ranges of straggling buildings are to be pro- 
tected, tw'O or more conductors should be applied, and the whole 
connected together by bands of metal, and Sir W. Harris recom- 
mends that the conductors should be constructed of copper pipe 
from one to two inches in diameter, and about one fifth of an inch thick. 
It may be prepared in lengths of about 10 feet, and be united toge- 
ther at the line of fixing, by screwdug the lengths together upon 
short intermediate pieces. 

The above is by no means a solitary instance of a building being struck 
and damaged by lightning, though armed with a pointed conductor. 
On the 17th of June, 1781, the poor house at Heckingham sustained 
injury though furnished with no less than eight conductors {Phil. 
Trans, vol. Ixxii. p. 377). On tbe 12th of May, 1777, {Phil. Trans.) 
the board-house at Purfleet was struck and damaged ; in February, 
1829 {Annales de Chimie, t. xl. p. 391), a magazine of powder was 
struck, and injured at Bayonne, though provided with a lightning 
rod, .projecting about twenty feet above the building, and on the 
14th of August, 1779, the church of “ Notre Dame de la Oarde,^^ at 
Genoa, was struck and damaged, a conductor having been applied 
to it in the preceding year {Bammlungen zur Physih for 1782, vol. 
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ii., p. 588). But in these, as in many other instances that might be 
quoted, the conductors appear to have discharged their duty most 
efficiently, conveying away in safety the great mass of the explosion, 
while the small amount of damage that was in each case sustained 
was occasioned by the lightning having lifurcated^ or Ufurcated 
before it struck the buildings, one portion having passed down the 
conductors whilst other portions fell on points far distant, and they 
illustrate the importance of securing into one general system of 
conduction all«those parts of the building situated at a distance 
from the rod. 

(282) The lightning conductor applied to the Nelson Monument 
in Trafalgar Square, is arranged with all the conditions requisite for 
a perfect defence. The plates of copper are three inches wide and 
one-fifth of an inch thick, led in two lines across the adjacent fillets 
of the flutes of the column, and applied in lengths of ten feet, united 
by dovetailing- The whole is pinned to the masonry by copper nails 
secured with lead. The conducting plates are united to the orna- 
mental bronze work surrounding the capital, which is again con- 
nected with bands^of metal, traversing the back and sword of the 
figure, and ending in two points, one at the aigrette of the hat, the 
other at the extremity of the sword ; at the pedestal the two separate 
lines of metal unite with a plate six inches w ide, carried on near the 
north-east angle to the earth where it is connected with three 
pointed branches under the surface of the ground. 

(283) The conductor of the Monument may likewise be referred to 
as illustrating the conditions for perfect protection. This beautiful 
column is terminated by a metallic vase four or five feet in diameter, 
surrounded by pointed metallic plates, representing flames of fire : 
between this and the floor of the gallery, are four thick bars of iron 
supporting a set of iron steps. One of these bars, an inch thick and 
five inches wide, is connected with the iron rail of the staircase 
which reaches to the bottom of the building {Phil, Traits, vol. Ixiv. p. 
389). The whole height of this structure, including the one at its 
summit, is 202 feet ; it has never yet been damaged by lightning. 

(284) When the electrical explosion falling on the conductor is 
very dense, the rod sometimes becomes covered with a luminous glow", 
and a loud whizzing sound is at the same time heard. This lumi- 
nous appearance is how^ever of a perfectly harmless chai’acter, and, 
provided the conductor be of sufficient capacity, it is unattended 
with any calorific efiect : it appears to be a sort of glow discharge, 
(135) between metal and air immediately in the points of contact, 
and may be. classed with the phosphorescent flashes attendant on 
the aurora borealis, or with the streaming of ordinary Electricity in 
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the exhausted receiver of an air pump. The question, whether or nbt 
danger is to be apprehended from lateral discharges,” thrown oif by 
a conductor whilst conveying an electrical explosion, was long and 
minutely discussed some years ago. The question was indeed a 
most serious one, and if answered in the affirmative, it would be 
subversive of the use of lightning conductors altogether ; for if by 
our insignificant arrangements, we can obtain a lateral discharge of 
sufficient intensity to ignite gases and to communicate shocks, 
the effects of similar explosions from a conductor conveying a 
flash of lightning some hundreds of yards in length must be irre- 
sistible. We have already (197) considered the nature of the so 
called lateral discharge in ordinary Electricity ; and that the pheno- 
mena do not obtain with lightning conductors may be considered as 
established by the experience of nearly a century, during which time 
there is no instance on record of a lightning conductor, properly 
arranged, throwing off lateral explosions to any semi-insulated 
metallic masses near it ; but that the discharge may in its course 
divide between the rod and metallic bodies in good connection with 
the earth is very possible, and illustrates the importance of uniting 
all such metallic circuits with the lightning rod, and thereby avoid- 
ing all danger of a destructive explosion. 

(285) The little arrangement Fig. 120. 

Fig. 120, amusingly illustrates 
the use of a continuous conduc- 
tor. A board about three quar- 
ters of an inch thick, and shaped 
like the gable end of a house, is 
fixed perpendicularly upon ano- 
ther board, upon w’hich a glass 
j)illar also is fixed in a hole about 
eight inches distant from the 
gable-shaped board. A small 
hole, about a quarter of an inch 
deep, and nearly an inch wide, is cut in the gable shaped board, and 
this is filled with a square piece of wood of nearly the same dimen- 
sions. It should be nearly of the same dimensions, because it must 
go so easily into the hole, that it may drop off by the least shaking 
of the instrument. A brass wire is fastened diagonally to this square 
piece of wood, and another of* the same dimensions, terminated by a 
brass ball, is fastened on the gable-shaped board, both above and 
below the hole. From the upper extremity of the glass pillar a 
crooked wire proceeds, terminated also by a brass ball, and suffi- 
ciently long to reach immediately over the ball or the wire of the 
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bsard. The glass pillar is loosely fixed in the bottom board, so that 
it may move easily round the axis. It is evident that, with this 
arrangement, a shock from a Leyden jar may easily be sent over the 
square hole by connecting the exterior coating with the wire in the 
gable-shaped board below it, and the interior with the wire on the 
glass pillar which comes within the striking distance of the wire in 
the gable-shaped board below it. 

Suppose now the square piece of wood to be placed in the hole in 
such a mannei; that the wire attached to it diagonally shall be in 
contact with the wires above and below it, a shock may evidently be 
transmitted without any disturbance taking place ; but if it be put 
into the hole in an opposite direction, so that the shock from the jar 
shall be obliged to pass over it altogether in the form of a spark in 
its passage from wire to wire, the concussion it will occasion will 
throw the square piece of wood to a considerable distance from the 
apparatus. The square piece of wood may here be supposed to 
represent a window', and the wire a continuous or broken conductor 
j)assing by the side of it, and the violent effects produced by the 
minute quantity of Electricity accumulated in a Leyden jar may be 
considered as a humble imitation of the effects of a stroke of light- 
ning. When the passage is uninterrupted, the Electricity passt's 
quietly down, but when impeded it produces the most violent effects. 

(286) To exemplify the method of defending ships, a small model 
may be made, wdth a glass tube for the mast. Into this tube two 
wires are to be inserted through its opposite ends, until within half 
an inch of each other. The tube is then to be filled wdth w'ater, and 
the ends stopped. Connect tlie lower w’ire with a small metallic 
thread tied to the stern. The upper wire is to be surmounted by a 
brass ball. A moveable conductor may be formed of a thin copper 
w ire, placed parallel with, and rising above the mast : this wire is to 
be connected at the bottom with the metal thread. If a powerful, 
charge be passed along the mast when the conductor is attached no 
effect is produced; but if the conductor be removed the mast is 
shattered to pieces. 

The apparatus shown in Pig. 119 (Cuthbertson’s Practical 
Electricity, p. 83), illustrates the same in an amusing manner. The 
trough is filled with water till the ship swims in it, and so that 
when it sails exactly under the ball L, the top of the mast may 
nearly touch it. By means of a thread attached to the head of the 
ship, it may be drawn quickly between the charged Leyden jars, at 
the opposite end of the trough. The moment the mast comes within 
striking distance of the ball L discharge takes place, and the mast 
falls into the water in pieces. When the mast is repaired and set 
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up again, hang the chain q r from ’the top of the spindle, the ends 
dropping into the water, and screw upon the top of the spindle the 


A Fig. 121. 



star A, then charge the jars, and on drawing the vessel as before, un- 
derneath the ball L, it will be struck, but no damage will be done to 
the mast, and the fire will be seen to pass along the chain without 
touching it. If the ship be drawn slowly underneath the ball, the 
discharge will take place silently, because of the points on the top of 
the spindle. 

(287) The following very instructive experiment was arranged by 
Harris (Mature of Thunder-storms^ p. 188), with the view of illus- 


Fig. 122. 



trating the power of pointed bodies to discharge the Electricity of 
the clouds without attracting them. It is a modification of an old 
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experiment of Franklin’s {Letters, p. 121). c a long bent arm 
of light, brass wire, balanced by means of a central point p on the 
charging rod of the jar J, and on w^hich it has free motion in ffll 
directions ; A is a light disc of gilded wood, resembling a common 
scale pan, covered vith a lock of fine cotton wool, and suspended by 
conducting threads from the arm c ph, a pointed body B is placed 
on the same conducting base as the jar. If the jar be now cliarged, 
the cotton in the scale-pan will begin to extend its . filaments, and 
the whole will be attracted; towards the table much in the same way 
as a cloud appears to be attracted tow^ards the earth, causing the bent 
arm c p h to assume an inclined position. If the arm be now caused 
to move upon its centre p, so as to allow' the artificial cloud A to 
approach the point B, the arm will gradually assume its previous 
horizontal position, in consequence of the influence of the point in 
neutralizing the opposite forces. As the artificial cloud continues to 
approach the point, this action proceeds so rapidly as frequently to 
produce a whizzing sound, the bent arm recovering at the same time 
its horizontal position. The scale-pan A, so far from being attracted 
by the point, actually recedes from it, and very faithfully represents 
the nature of the operation of pointed bodies on charged clouds. 

(288) Ships, particularly in tropical climates, are especially ex- 
posed to danger from lightning, and although the amount of damage 
done in the British navy has been immense, it was not till tlie year 
1812 that an efficient system of permanent conductors on the plan 
recommended by Sir William Snow' Harris was established. Con- 
ductors had, indeed, been used for many years previously, but they 
consisted of chains or links of copper about the size of a goose quill, 
and w'erc generally packed aw'ay in a box, where they frecpiently 
remained untouched during long and hazardous voyages. Mr. Singer 
appears to have been the first Electrician who recommended that fixed 
conductors should be employed, but their final introduction and 
general use has at length, after nearly twenty-five years’ unceasing 
labour, been effected by Harris. His original proposition {Nautical 
Magazine, 1852) was to complete the conducting pow'er of the masts 
by incorporating with them a series of copper plates of given and 
capacious dimensions, from the truck to the keelson, so mechanically 
arranged and combined in two lamin© as to yield freely to any 
flexure or strain, to which the spars might be subject, at the same 
time preserving an efficient and unbroken chain, and then to connect 
these vertical conducting lines by conducting plates similarly arral^ged 
with the various metallic bolts passing through the keelson and other 
parts of the hull to the copper expanded over the bottom ; thus 
uniting, as it were, into one great chain, the conductors on the masts. 
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the metallic bodies in the hull, and the general surface of the sea, so 
that from the moment of lightning falling on any point aloft, the 
exjftosive action would cease, and, the general fabric be insured 
against further damage. The object being to bring the general 
labric into that passive or non-resisting state it would assume, 
supposing the whole structure were metallic throughout, or as nearly 
so as possible. By this arrangement the conductors are always in 
their place, always ready to meet the most unexpected danger, and 
w'liilst clear of the rigging, and admitting of every possible motion of 
tlie masts, they also admit of any part of the mast being removed. 
They are also independent of the crew, who are not required to touch 
thorn, and they prevent a flash of lightning from falling on the ship, 
or on any given point, or from entering upon any circuit or course 
of which they do not form a part. 

(289) Tile practical application of this system of conductors was 
attended with considerable difficulty, but the conditions of flexibility 
and continuity were at length provided for by constructing the w ires 
of narrow’ plates of copper sheet in lengths of four feet, placed in 
two layers, one immediately over the other, and in such a w’ay as to 
allow’ the butts or joints of the one series to fall immediately under 
or over the continuous portions of the other, the series or joints 
being riveted to the butts throughout the line. We have thus an 
alternating series of sheet joints producing a perfectly continuous 
and perfect line of conduction. The conducting wires thus arranged 
had now’ to be incorporated with the spars, led throughout the bull, 
and connected in various directions with the copper expanded over 
the bottom of the ship, and with the sea. The incorporation with 
the spars presented some difficulty, which wa^ finally overcome by 
laying the plates in shallow’ grooves cut for their reception along the 
aft sides of the respective masts, from the truck to the keelson, and 
preserving an adequate connection in the caps through w’hich the 
upper portions of the masts wrere required to slide. The plates w’cre 
fixed with strong copper nails. In Figs. 123, 124, the conductor is 
shown by the dotted line ABC D, and it will be seen that any 
elongation or contraction of the masts, or the removal of either of 
them, in no w'ay disturbs the continuity of the line, which evidently 
remains the same, and is the shortest and best conducting line 
betw een the mast head at D and the sea at S. When the sliding 
masts are struck, a part of the conducting line necessarily remains 
below the cap and top ; but as this is quite out of the circuit, it wdll 
not at all influence the passage of the electric fluid along the shorter 
line, as Sir William has proved by direct experiment. 

(290) The absolute security ensured to vessels by this system of 
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Fig. 123. Fig. 124. lightning conductors, is conclusively de- 

^ monstrated by the following analysis of 

® ^ ' recorded cases of “ Ships struck 'Ath. 

lightning,” published by Sir W. Harris 
in the JSTautical JHagazine (1862). The 
general system of lightning conductors 
baa been more or less in use since the 
„ c ( S year 1830, at first in about 10 of H.M. 

J ships, and since 1842 throughout the 

w'hole navy, which gives a clear course of 
experiments of at least 20 years. Now 
during this time the ships having the new 
JJl conductors have been exposed to light- 

ill iljs most appalling forms, in almost 
' every part of the world, and during these 

20 years there are not more than 40 
ss;. recorded cases of ships struck by lightning 

though numbers of remarkable instances 
in w hich the conductors have carried off, 
tranquilly as it were, large streams of 
j atmospheric Electricity. In no case has 

any ill consequence ensued. Between 1822 
and 1842, that is up to the date at w hich 
the system w^as fully adapted, and in- 
cluding ten years common to both periods, 
there are 60 recorded cases of ships struck, 
-A and in every instance destructive damage 

ensued^ and in many cases to a frightful 
Au extent. It thus appears that ships, not 

furnished with the new conductors, have 
been struck by lightning more frequently 
than ships having such conductors, in the 
proportions of 3’: 2, a result quite conclusive of the question, “ whether 
such conductors operate in attracting lightning to the ship.” In 
short, since the general introduction of this system into the public 
service, damage hy lightning has vanished altogether from the records 
of the navy. 

(291) Volcanic eruptions in the sea are generally attended by 
thunder and lightning, and may be classed among electrical pheno- 
mena. In June, 1811, Captain TiUand observed off the island of 
St. Michael one of these marine volcanoes, of w^hich he has given 
the following account in the Philosophical Transactions. “ Imagine,” 
says he, “ an immense body of smoke rising from the sea, the surface 
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of which was marked by the silver rippling of the waves occasioned 
by the slight and steady breezes incidental to those climates in 
summer. In a quiescent state, it had the appearance of a circular 
cloud, revolving on the water like a horizontal wheel, in various and 
irregular involutions, expanding itself gradually on the lee side, when 
suddenly a column of the blackest cinders, ashes, and stones, would 
shoot up in the form of a sj)ire, rapidly succeeded by others, each 
acquiring, greater velocity, and breaking into various branches 
resembling a group of pines ; these again forming themselves into 
festoons of white feathery smoke. During these bursts, the most 
vivid flashes of lightning continually issued from the densest part of 
the volcano, and the columns rolled off in large masses of fleecy 
clouds, gradually expanding themselves before the wind, in a direction 
nearly horizontal, and drawing up a quantity of w'aterspouts, which 
formed a striking addition to the scene. In less than an hour, a peak 
w as visible, and in three hours from the time of our arrival, the 
volcano, then being four hours old, a crater was formed twenty feet 
high, and from four to five hundred feet in diameter. The eruptions 
were attended by a noise like the firing of cannon and musketry 
mixed ; as also with shocks of earthquakes, sufficient to throw down a 
largo part of the clifl* on which we stood. I afterwards visited the 
volcanic island ; it w as eighty yards high, its crater upon the level of 
the sea was full of boiling water ; it was about a mile in circumference, 
and composed of porous cinders and masses of stone.” 

(292) It has been a subject of discussion among philosophers 
whether those destructive meteors called tornadoes, are really electri- 
cal phenomena, or w hether they are caused by heat evolved from 
condensing vapour. The subject came under the investigation of the 
Prench Academy of Sciences, in 1839, in consequence of a demand 
for indemnity for the devastation caused by a tornado at Chatenay 
near Paris, under a contract of insurance against thunder-storms. 
The question was referred to Arago the president of the Academy, 
and under his auspices a report was made by Peltier agreeably to 
which the insurers were called upon to pay. The following extract 
from this report wdll convey some idea of the devastating effects of 
this remarkable meteor. “Up to this time there had been thunder 
continually rumbling writhin the second thunder cloud, when suddenly 
an under portion of this cloud descending and entering into commu- 
nication with the earth, the thunder ceased. A prodigious attractive 
forcOiWas exerted forthwith, all the dust and other light bodies wffiich 
covered the surface of the earth mounted towarSs the apex of the 
cone formed by the cloud, a rumbling thunder was continually heard. 
Small clouds wheeled about the invested cone, rising and descending 
with rapidity. The column was terminated by a cap of fire. To 
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the south-east of the tornado, on the side exposed to it, the trees 
were shattered, while those on the other side of it preserved their 

sap and verdure finally it advanced to the park and castle of 

Chatenay, overthrowing everything in its path. On entering this 
park, which is at the summit of a hill, it desolated one of the most 
agreeable residences in the neighbourhood of Paris. All the finest 
trees were uprooted, the youngest only, wdiich were without the 
tornado, having escaped. The walls were thrown down, • the roofs 
and chimneys of the castle and farm house carried away, and branches, 
tiles, and other moveable bodies, were thrown to a distance of more 
than five hundred yards. Descending the hill towards the north, 
the tornado stopped over a pond, killed the fish, overthrew’ the trees, 
withering their leaves, and then proceeded slow’ly along an avenue of 
willow’s, the roots of which entered the w’ater, and being during this 
part of its progress much diminished in size and force, it proceeded 
slow’ly over a plain, and finally, at a distance of more than a thousand 
yards from Chatenay divided into two parts, one of which disappeared 
in the clouds, the other in the ground.” The following is the explana- 
tion ofiered by Peltier. “In contemplating the rise and pro- 
gress of this phenomenon we see the conversion of an ordinary 
thunder gust into a tornado ; we behold tw o masses of clouds exposed 
to each other, of which the upper one, in consequence of the re'pul- 
sion of the similar Electricities with which both are charged, repelling 
the low’er towards the ground, the clouds of the latter descending 
and communicating with the earth by clouds of dust, and by the 
trees. This communication being once formed, the thunder imme- 
diately ceases, and the discharges of Electricity take place by means 
of the clouds, which have thus descended, and the trees. These 
trees traversed by the Electricity, have their temperature in con- 
sequence raised to such a point that their sap is vaporized, and their 
fibres sundered by its efforts to escape. Flashes, and fiery balls, and 
sparks accompanying the tornado: a smell of sulphur remains for 
several days in the houses, in which the curtains are found discoloured. 
Everything proves that the tornado is nothing else than a conductor 
formed of the clouds, which serves as a passage for a continual 
discharge of Electricity from those above, and that the difference 
between an ordinary thunder-storm, and one accompanied by a 
tornado, consists in the presence of a conductor of clouds, w’hich 
seem to maintain the combat between the upper portion of the 
tornado and the ground beneath.” 

(293) Notwithstanding this report, it appears that in 1841* the 
Academy signed another report sanctioning the idea originating with 

♦ See a pamphlet by Dr. Hare, of Philadelphia, entitled, ** Exposure of the 
Errors and Inconsistencies of the French Academicians respecting Tornadoes/’ 
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Professor Espy, tliat tornadoes are caused by the heat imparted to 
an ascending column of air by condensing vapour, Electricity occasion- 
ally intervening, but not being in the least essential to the generation 
or endurance of the meteor. It was assumed by Espy that the rise 
of temperature thus caused would create a buoyancy like that of a 
balloon, and an upward force, and so great an acceleration as to 
produce the phenomena of a tornado at the foot of the column 
affected. 

Dr. Hare adopts, and, indeed, originated (^Experimental 0h8&i*va^ 
twns, 1836) the electrical hypothesis, but he thinks thjft the idea of 
Peltier, that the cloud acts as a coiiductor, is untenable. He is of 
opinion that a tornado is the effect of an electrified current of air 
superseding the more usual means of discharge between the earth 
and the clouds in those sparks or flashes which we call lightning, and 
that it bears the same relative position to lightning that the carrying 
or convective discharge docs to the electrical spark ; and with this 
explanation the ph(?nomena at Chatenay, as well as those observed in 
1836 by Dr. Hare himself on visiting the scene of a tornado at New 
Brunswick, appear well to accord. 

(294) In the Comptes Rendus (Oct. 21, 1844!), there is a report of 
the ph(‘nomena attending a dry tromhe, or tornado, 'which occurred 
at Escalqueus. It appeared in the form of a vast inverted cone, and 
was manifested in incessant rapid rotation. Suddenly it seized upon 
a field of maize, which it dispersed in all directions. It completely 
demolislied a farm-house, killing all the poultry. It carried up, 
threw down, and took up again several times a youth of thirteen or 
fourtiH'u years of age, without, ho^wever, doing him any serious 
damage. It then passed on to another farm, about two miles distant 
from the former, carrying off the roofs of the houses in its course. 
A continual dead and terrifying noise was heard by all who witnessed 
it, and those who were in the midst of it saw fire. In fact, the 
insurance company wTre quite ready to admit against their own 
interests, that the mischief done was the effect of lightning. 

(295) The following fearful account of the ravages committed by 

a waterspout at Cette, extracted from a Erench paper, appeared in 
the “ Times ” of October 30, 1844. “ A frightful misfortune has this 

afternoon plunged’ our whole population into a state of consternation 
and despair. About four o’clock an electHc waterspout fell upon our 
town, and committed such ravages, that at the present moment it 
might be supposed that the town had been submitted to all the 
horrors of a siege. This terrible phenomenon, which arrived in the 
direction of the fortress of St. Pierre, skirted the mole in its whole 
length ; and when it came opposite the engineers’ establishment, 
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attr£U3ted probably by the conductor and the zinc roof of the house, 
it turned round the edifice, and at last fell with violence upon it. 
At the same moment a violent explosion was heard, and the whole 
population thought that its last hour was come. During two minutes’ 
space of time a terrific crash resounded in the air. The roofs of the 
bouses were smashed to pieces, and the fragments were carried to the 
most distant part of the town. The building belonging to the engineers 
has been entirely sacked ; its zinc roof was carried off in the twinkling 
of an eye, and the whole fa 9 ade demolished and razed to the ground, 
so that nothing now remains of it but the back and side w^alls. 
Another' house, four stories high, new, and solidly built, was literally 
crushed to the earth. In every apartment the separation walls were 
destroyed, and the windows tom out ; everywhere destructive traces 
have been left. A fearful inundation joined at the same time its 
ravages to those of the electric waterspout. In an instant the 
waters of the canal rose and flooded the quays. At least a dozen 
boats w’ere sunk in the canal itself, and many persons perished. 
Pive or six large vessels have been completely wTecked, and remain 
with their keels uppermost. In the streets and on the quays are 
everywhere to be seen wounded wretches, some 'with bloody heads, 
others with mutilated limbs. It is impossible to give any description 
of the feelings of terror produced in the minds of the whole popula- 
tion.” 

(296) The effects here described are considered by Peltier as 
completely inexplicable on the theory of whirls produced by the 
meeting of contrary wdnds. Arago has also admitted that they 
cannot be understood without the aid of Electricity. The following 
are the consequences deduced by Peltier from his investigations into 
the subject. 

1®. All the immediate phenomena observed in 'waterspouts are due 
to Electricity. They are the results of secondary phenomena, which 
almost always accompany them. The latter vary with the locality 
and the state of the atmosphere. 

2^. Their general effects are due either to statical or dynamical 
Electricity ; more generally they proceed from both. 

3®. The statical effects are phenomena of attraction and repulsion. 

4®. The attraction of an electrical cloud is accompanied by a rush 
of air towards this cloud, from whence result currents directed from 
the exterior to the interior, and proceeding from all surrounding 
points. It is manifested also by the projection of the vapour of 
water, of liquid water itself, and of bodies that it raises or tears 
according to the force with which it acts. 

6". The progress of its attractive power is plainly marked both on 
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sea and land. On sea it appears by the boiling of the waters, and 
the smoky appearance which is raised from them. On land* its course 
is rendered manifest by its effects upon the air, the ground, and all 
loose bodies which it encounters. 

6°. The attraction of the clouds is also manifest by the greatly 
increased evaporation of the waters, and the consequent fall of their 
temperature. The repulsion is manifested by currents of air which 
issue from the electric cloud, and only exist in its neighbourhood ; at 
a little distance from it a dead calm prevails. These double currents 
undergo various modifications produced by the localities and the 
various qualities of the ground. 

7®. The repulsion is also manifested by the cone which is formed 
in the sea, in the very centre of the smoky vapours, an effect which 
can be easily reproduced experimentally. 

8®. If an inductive action take place between two clouds charged 
with opposite electricities placed at a certain distance asunder, a 
portion of their vapour will resume the state of common vapour ; this 
will lower the temperature of neighbouring parts, which may descend 
even below” the freezing point ; then the vapour of water crystallizes 
in snowy flakes, which act immediately after their formation, like 
other light bodies. The portion thus transformed into snow, and 
w’hich is charged w ith the Electricity of the inferior cloud, is attracted 
by the superior cloud, then there is a neutralization of Electricity, a 
fall of temperature, and so on. 

9". Finally, the electrical tension of the superior cloud facilitates 
the evaporation of the liquid w hich moistens the snowy globule or 
which already covers the ice. The electrified clouds acting by induc- 
tion upon the ground are attracted to it. The clouds thus approach 
the earth in a greater or less quantity, depending on the energy of 
the attraction and their specific gravity. 

The sound which sometimes accompanies the tornado Peltier 
ascribes to a number of small partial explosions, which take place 
betw een the cloud and the ground. They are louder in the case of 
waterspouts which traverse the land, because of the badness of the 
conductors presented to them ; they dose their intensity over the sea 
because water is a better conductor. In short, there is nothing but 
Electricity, and Electricity of prodigious tension, which can produce 
eft’ects so violent, within limits so very confined, while leaving the 
surrounding places calm. 

(297) That which renders the waterspout so remarkable is the 
circumstance of a double cone being formed when the phenomenon 
is complete, one cone pointing downwards from a cloud, whilst 
another points upwards from the sea. Captain Beechey, in the 
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published account of his voyage in the Pacific when he commanded 
the “ Blossom,” gives the following description of a waterspout which 
nearly overwhelmed the vessel. “ It approached amidst heavy rain, 
thunder, and lightning, and was not seen until it was very near the 
ship. The wind blew with great violence, momentarily changing its 
direction, as if it w’ere sweeping round in short spirals; the rain, 
which fell in torrents, was also precipitated in curves, wnth short 
intervals of cessation. Amidst this thick shower the waterspout was 
discovered extending in a lapwing form from a dense stratum of 
cloud to within thirty feet of the water, where it w^as hid by the foam 
of the sea, being ^vhirled upwards by a tremendous gyration. It 
changed its direction after it was first seen, and threatened to pass 
over the ship, but being diverted from its course by a heavy gust of 
wind, it gradually receded. On the dispersion of tliis magnifieent 
phenomenon, we observed the column to diminish gradually, and at 
length retire from the cloud from which it had descended in an 
undulating form .... A ball of Jive w^as observed to be precipitated 
into the sea, and there was much lightning. The column of the 
waterspout first descended in a spiral form, until it met the ascending 
column a short distance from the sea. A second and a third wx'ri^ 
afterwards formed, wdiich subsequently united into one large column, 
and this again separated into three small spirals, and then dispcrsiHl. 
The barometer w^as not affected, but the thermometer fell eight 
degrees. The gyrations were in a direction contrary to that of the 
hands of a watch.” 

(298) Another w'aterspout, seen by Captain Beechey in lat. 20® 
N. and long. 22** W., w as thus described and illustrated by him in a 
letter to Colonel licid (faw of Storms, p. 400) : “ The day liad been 
very sultry, and in the afternoon a long arch of heavy cumuli and 
nimbi rose slowly above the southern horizon : w hile w’atching its 
movement, a waterspout began to form at a spot on the underneath 
side of the arch, that was darker than the rest of the line. A thin 
cone (Fig. 125) first appeared, which gradually became elongated, 
Fig., 125. ^^^d was shortly joined wdth 

several others, which went on 
increasing in length and bulk 
until the columns had reached 
about half down to the horizon. 
They here united and formed one 
immense dark coloured tube. The 
sea beneath had hitherto been 
undisturbed, but when the co- 
lumns united it became per- 
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ceptibly agitated, and was almost immediately whirled in the air 
with a rapid gyration, and formed a vast basin, from the centre of 
which the gradually lengthening column seemed to drink fresh 
supplies of water, Pig. 126. The column had extended about two- 
thirds of the way towards the Fig. 126. 

sea, and nearly connected itself 
with the basin, when a heavy 
shower of rain fell from the 
right of the arch at a short 
distance from the spout, and 
shortly after another fell from 
the opposite side. This dis- 
charge appeared to have .an 
effect upon the waterspout, 
which now began to retire. 

The sea, on the contrary, was 
perceptibly more agitated, and 
for several minutes the basin 
continued to increase in size, 

. although the column was con- 
siderably diminished, (Pig- 
127.) In a few minutes more 
the column had entirely dis- 
appeared, the sea, however, 
still continued agitated, and 
, did not subside for three 
minutes after all disturbing 
causes from above had vanish- 
ed. This phenomenon w'as 
unaccompanied by thunder or 
lightning, although the showers of rain which fell so suddenly seemed 
to be occasioned by some such disturbance. Two days afterwards 
we got into the south-east trade-wind in lat. 0® 33' S. and long. 
21 ° 40 ' w:* 

(299) That magnificent meteorological phenomenon, the aurora 
borealis, is by many supposed to be in some way connected witli 
Electricity, and its appearance may be imitated with great exactness 
by passing a stream of Electricity from the conductor of a machine 
through a tube partially exhausted of air. The same variety of 
colour and intensity, the same undulating motions and occasional 
coruscations, and the same inequality in the luminous appearance are 
exhibited as in the aurora, and when the rarefaction is considerable 
various parts of the stream assume that peculiar glowing colour 
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which occasionally appears in the atmosphere, and which is regarded 
by the uninformed observer with astonishment and fear. The ex- 
periment is modified by De la Rive thus {Comptes Ren&us^ Oct. 15, 
1849). A cylindrical rod of iron is cemented air-tight into a glass 
globe. It is covered, except at its two ends, with an insulating and 
thick layer of wax. A copper ring siuroimds the bar above the 
insulating layer in its internal part the nearest to the side of tlie 
globe: from this ring proceeds a conducting-rod, which, carefully 
insulated, traverses the same tubulure as the iron bar, but without com- 
municating with it, and terminates externally in a knob or hook. The 
air being rarefied through a stop-cock attached to a second tubulure, 
the hook or knob is made to communicate with one conductor, and 
the extemhl extremity of the iron bar with the other conductor of a 
machine : the Electricities unite in the globe, forming a more or less 
regular fascicle of light. On bringing the external end of the iron 
bar into contact with a pole of an electro-magnet, taking care to 
preserve good insulation, the light becomes a luminous ring, w’hich 
rotates round the har in a direction regulated by the magnetization of 
the bar. From this luminous ring brilliant jets issue, and form the 
fascicle. On removing the electro-magnet these phenomena cease, 
giving place to the previous appearance, and what is generally knowui 
by the name of the* electrical egg. 

(300) The aurora borealis is seldom seen in perfection in this 
country, and of late years has rarely been noticed at all, but Captain 
Parry, in his second voyage for the discovery of a north-west passage, 
had abundant opportunities of observing it in the greatest splendour.. 
That highly distinguished philosopher and chemist, Dr. Dalton, has 
also furnished us {^Meteorological Essays^ with the following account 
of an aurora seen by him on the 15th of October, 1792. 

“ Attention was first excited by a remarkably red appearance of 
the clouds to the south, which afibrded sufficient light to read by at 
eight o’clock in the evening, though there was no moon nor light in 
the north. From half-past nine to ten, there was a large, luminous, 
horizontal arch to the southward, and several faint concentric arches 
northward. It was particularly noticed that all the arches seemed 
exactly bisected by the plane of the magnetic meridian. At half-past 
ten o’clock streamers appeared, veiy low in the south-east, running 
to and fro from west to east ; they increased in number, and began 
to approach the zenith apparently with an accelerated velocity ; when 
all on a sudden the whole hemisphere was covered with them, and 
exhibited such an appearance as surpasses all description. The 
intensity of the light, the prodigious number and volatility of the 
beams, the grand intermixture of all the prismatic colours in their 
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utmost splendour, variegating the glowing canopy with the most 
luxuriant and enchanting scenery, afforded an awful, but at the same 
time, the most pleasing and sublime spectacle in nature. Every one 
gazed with astonishment, but the uncommon grandeur of the scene 
only lasted one minute ; the variety of colours disappeared, and the 
beams lost their lateral motion, and were converted into the flashing 
radiations. 

“ Notwithstanding the suddenness of the effulgence, at the breaking 
out of the aurora, there was a remarkable regularity the manner. 
Apparently a ball of fire ran along from east to west, with a velocity 
so great as to be barely distinguishable from one continued train, 
which kindled up the several rows of beams one after another. 
These rows were situated before each other with the exactest order, 
so that the base of each row formed a circle, crossing the magnetic 
meridian at right angles; and the several circles rose one above 
another, so that those near the zenith appeared more distant from 
each other than those near the horizon, a certain indication that the 
real distances of the rows were nearly the same. The aurora con- 
tinued for several hours. There were many meteors (falling stars, 
as they are commonly called) seen at the same time; but they 
appeared to be below, and unconnected with the aurora.” 

(301) “The aurora,” says Captain Parry, “began to show itself as 
soon as it was dark. Innumerable streams of white and yellowish 
light occupied the heavens to the southward of the zenith, being 
much brighter in the south-east, from which it often seemed to 
emanate. Some of these streams were in right lines, others crooked, 
and waving in all sorts of irregular figures, moving with inconceiv- 
able rapidity in various directions. Among them might frequently 
be observed shorter bundles of rays, which, moving even with greater 
velocity than the rest, have acquired the name of ‘ merry dancers.’ 
In a short time the aurora extended itself over the zenith, about half 
way down to the northern horizon, but no further, as if there were 
something in that quarter of the heavens that it did not dare to 
approach. About this time, however, some long streamers shot up 
from the horizon in the north- we^, but soon disappeared. While 
the light extended over part of the northern heavens, there were a 
number of rays assuming a circular or radiated form, near the zenith, 
and appearing to have a common centre near that point, from which 
they all diverged. The light of which these were composed appeared 
to hpve inconceivably ‘rapid motion in itself, though the form it 
assumed, and the station it occupied in the heavens, underwent little 
or no change for perhaps a minute or more. This effect is a common 
one with the aurora, and puts one in mind, as far as its motion alone 
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is concerned, of a person holding a long ribbon by one end, and giving 
it an undulatory motion through its whole length, though its general 
position remains the same. When the streams or bands were 
crooked, the convolutions took place indifferently in all directions. 
The aurora did not continue long to the north of the zenith, but 
remained as high as that point for more than an hour. After which, 
on the moon rising, it became more and more faint, and at half-past 
eleven was no longer visible. 

“ The coloip* of the light was most frequently yellowish white, 
sometimes greenish, and once or twice a lilac tinge was remarked, 
when several strata appeared as it were to overlay each other by very 
rapidly meeting, in which case the light was always increased in 
intensity. The electrometer was tried several times, and two com- 
passes exposed on the ice during the continuance of this aurora, but 
neither was perceptibly affected by it. We listened attentively for 
any noise that might accompany it, but could hear none ; but it was 
too cold to keep the ears uncovered very long at one time. The 
intensity of the light was something greater than that of the moon 
in her quarters. Of its dimming the stars there cannot be a doubt. 
We remarked it to be in this respect like drawing a gauze veil over 
the heavens in that part, the veil being most thick when two of the 
luminous sheets met and overlapped. The phenomenon had all the 
appearance of being full as near as many of the clouds commonly 
seen, but there were none of the latter to compare them with at the 
time.” 

(302) The commencement and successive phases of a complete 
aurora have been thus graphically described by Humboldt (Cosmos, 
Sabine's translation, vol, i. p. 180) : “ Low down on the horizon, 
about the part where it is intersected by the magnetic meridian, the 
sky, which was previously clear, is darkened by an appearance 
resembling a dense bank or haze, w'hich gradually rises, and attains a 
height of eight or ten degrees. The colour of the segment passes 
into brown or violet, and stars are visible through it, as in a part of 
the sky obscured by thick smoke. A broad luminous arch, first 
white, then yellow, bounds the dark segment ; but as the bright arch 
does not appear until after the segment, Argelauder considers that 
the latter cannot be attributed to the mere effect of contrast with its 
bright margin. The azimuth of the highest point of the luminous 
arch, when carefully measured, has been usually found not quite in 
the magnetic meridian, but from five to eighteen degrees from it, on 
the side towards which the magnetic declination of the place is 
directed. In high northern latitudes, in the near vicinity of the 
magnetic pole, the dark segment appears less dark, and sometimes is 
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not seen at all; and in the same localities, where the horizontal 
magnetic force is weakest, the middle of the luminous arch deviates 
most widely from the magnetic meridian. The luminous arch under- 
goes frequent fluctuations of form : it remains sometimes for hours 
before rays and streamers are seen to shoot from it, and rise to the 
zenith. The more intense the discharges of the aurora, the more 
vivid is the play of colours, from violet and bluish white through 
gradations to green and crimson. In the common Electricity 
excited by friction it is also found that the spark becomes coloured 
only when a violent explosion follows high tension. At one moment 
the magnetic streamers rise singly, and are even interspersed with 
dark rays resembling dense smoke ; at another they shoot upwards 
simultaneously from many and opposite points of the horizon, and 
unite in a quivering sea of flame, the splendour of which no descrip- 
tion can reach, for every instant its bright waves assume new forms. 
The intensity of this light is sometimes so great, that Lowenom 
(29th January, 1786) discerned its coruscations during bright sun- 
shine. Motion increases the visibility of the phenomenon. The 
rays finally cluster round the point in the sky corresponding to the 
direction of the dipping needle, and there form what is called the 
corona — a canopy of light of milder radiance, streaming, but no 
longer undulating. It is only in rare cases that the phenomenon 
proceeds so far as the complete formation of the corona ; but when- 
ever this takes place the display is terminated. The streamers now 
become fewer, shorter, and less intensely coloured ; the corona and 
the luminous arches break up, and soon nothing is seen but irregu- 
larly scattered, broad, pale shining patches of an ashy grey colour, 
and even these vanish before the trace of the original dark segment 
shas disappeared from the horizon. The last trace that remains of 
the whole spectacle is often merely a white delicate cloud, feathered 
at the edges, or broken up into small round masses like cirro-cumuli.” 

The following is a general descriptipn of the aurora as observed by 
M. Lottin, at Bossekop, in the bay of Alten, on the coast of West 
Einland, in lat. 70 N., during the winter of 1838 — 9. [BecquereVs 
Traite de Meteorologie.) “ Betweeri the hours of four and six in 
the afternoon the sea-fog, which constantly prevails in those regions, 
becomes coloured on its upper border, or rather is fringed with the 
light of the aurora, which is behind it. This border becomes 
gradually more regular, and takes the form of an arc of a pale yellow 
colour, the edges of which are diffuse, and the extremities resting 
on the horizon; the bow swells upwards more or less slowly, its 
summit being constantly on the magnetic meridian or veiy nearly so. 
The luminous matter of the arc soon becomes divided regularly by 
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blackish streaks and is resolved into a system of rays ; these rays 
are alternately extended and contracted, sometimes slowly, some- 
times instantaneously; sometimes they would dart out increasing 
and diminishing suddenly in splendour. The inferior parts of the 
feet of the rays present always the most vivid light, and form an arc 
of greater or less regularity. The length* of these rays was often very 
varied, but they all converged to that point of the heavens indicated 
by the direction of the south pole of the dipping needle. Sometimes 
they were prolonged to the point where their directions intersected 
and formed the summit of an enormous dome of light. The bow 
would then continue to ascend towards the zenith ; it would 
experience an undulatory motion in its light ; that is, from one 
extremity to the other the brightness of the rays would increase 
successively in intensity. This luminous current would appear 
several times in quick succession, and it would pass much more 
frequently from west to east than in the opposite direction. Some- 
times, though rarely, a retrograde motion would take place imme- 
diately afterwards; and as soon as this wave of light had run 
successively over all the rays of the aurora from west to east, it 
would return in the contrary direction to the point of its departure. 
The bow thus presenting the appearance of an alternate motion in a 
direction nearly horizontal, had usually the appearance of the undu- 
lations or folds of a riband, or of a flag agitated by the wind, as 
represented in Fig. 128. 


Fie. 128. 



Sometimes one, sometimes both of its extremities would desert the 
horizon, and then its folds would become more numerous and 
marked ; the bow would change its character and assume the form 
of a long sheet of rays returning into itself and consisting of several 
parts forming graceful curves. The brightness of the rays would 
vary suddenly, sometimes surpassing in splendour stars of the first 
magnitude. These rays would rapidly dart out and curves would 
be formed and developed like the folds of a serpent ; then the rays 
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would assume various colours; tbe base would be blood-red, tbe 
middle pale emerald green, and the remainder would preserve its 
clear yellow hue. These colours always retained their respective 
positions, and they were of admirable transparency, the brightness 
would then diminish, the colours disappear, and all would be extin- 
guished, sometimes suddenly, and sometimes gradually. After this 
disappearance fragments of the bow would be re-produced, would con- 
tinue their upward movement and approach the ssenith : the rays, by 
the effect of perspective, would be gradually shortened ; the thickness 
of the arc, which presented thus the appearance of a larger zone of 
parallel rays, could be estimated; then the vertex of the bow 
would reach the magnetic zenith, or the point to which the 
south pole of the dipping needle is directed ; at that moment the 
rays would be seen in the direction of their feet; if they were 
coloured they would appear as a large red band, through which the 
green tints of their superior darts could be distingui^ed ; and if the 
wave of light above mentioned passed along them, their feet would 
form a long sinuous undulating zone W'hile throughout all these 
changes, the rays would never suffer any oscillation in the direction 
of their axis, and would constantly preserve their mutual parallelisms. 
In the mean time new arcs are formed, either commencing in the 
same diffuse manner, or with perfectly formed and very vivid rays ; 
they succeed each other, passing through nearly the same phases, 
and arrange themselves at certain distances from each other. As 
many as nine have been counted, forming as many bows, having their 
ends supported on the earth, and in their arrangement resembling the 
short curtains suspended one behind the other over the scene of a 
theatre, and intended to represent the sky. Sometimes the intervals 
between these bow s diminish, and two or more of them close upon 
each other, forming one large zone, traversing the heavens and disap- 
pearing tow ards the south, becoming rapidly feeble after passing the 
zenith. If w e can picture to our imagination all these vivid rays of 
light issuing forth with splendour, and varying continually and 
suddenly in their length iind brightness, coloured at intervals with 
beautitul red and green tints, w ith w aves of light undulating over 
them, the whole firmament presenting one immense and magidficent 
dome of light reposing on the snow-covered base, supplied by the 
ground, which itself serves as a dazzling frame for a sea calm and 
black as a pitchy lake, some idea may be obtained of tbe splendid 
spectacle which is presented to him who witnesses the aurora from 
the bay of Alten.” 

During the winter of 1838 — 9, between September, 1838, and 
April, 1839, M. Lottin observed 143 auroras; they were most 
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frequent during the period while the sun remained below the 
horizon, that is from the 17th of November to the 25th of January. 
During those nights he observed 70 auroras, without counting those 
which were rendered invisible by a clouded sky, but the presence of 
which was indicated by the disturbance they produced on the mag- 
netic needle. 

It is very rarely that an aurora is observed complete in any but 
the northern regions ; sometimes the corona is vague and uncertain ; 
sometimes the bow is either incomplete in itself or is divided into 
several points ; at other times the light is intercepted by clouds 
which modify both the colour and the depth of the borders. Many 
other circumstances concur in interfering in various ways with the 
regular form of the aurora borealis. 

(303) Whether the “ magnetic storms ” manifested by auroral 
display share with electric storms the phenomena of sound as well as 
of light appears doubtful. Nairne, Cavallo, and Hearne, at the 
mouth of the Coppermine Eiver, and Henderson in Iceland, each 
heard “ hissing sounds,” which they regarded as connected with the 
aurora, but 'which Wentzel attributed to the contracting of the snow 
from the sudden increase of cold. Parry, Pranklin, and Eichardson, 
who have seen thousands of northern lights in different parts of the 
world, never heard any noise. The height of the aurora is likewise 
an uncertain point, the results of different measurements giving 
heights varying from a few thousand feet to several miles. The 
most modem observers seem, however, disposed to place the seat of 
the phenomenon, not at the limits of the atmosphere, but in the 
region of clouds ; and they even believe that the rays of the aurora 
may be moved to and fro by winds and currents of air. 

(304) Amongst the theories that have been proposed to explain 
auroras, that of Biot is perhaps characterised by the greatest inge- 
nuity. He first deteraiined that the phenomenon was placed within 
the limits of our atmosphere, and that it is connected either with the 
atmosphere, or with some matter suspended in it. Now, that its 
cause, whatever it may be, has an intimate relation with that of ter- 
restrial magnetism is demonstrated by the fact, that the rays or 
columns of light are always parallel to the dipping-needle, and that 
the bows, coronse, and other visible forms which the phenomena affect, 
are always symmetrically placed "with respect to the magnetic me- 
ridian. Biot assumed also, that the aurora borealis is composed of 
real clouds of luminous matter, floating in the atmosphere, which 
frequently arrange themselves in series of lines or columns, parallel 
to the dipping-needle. What is the nature -of this matter? This 
question is answered by Biot in the following manner {Lardner and 



THE AUBOBA BOBEALIS. 


233 


Walker's Electricity ^ vol. ii. p. 235) : “ Among material substances 
certain metals alone are susceptible of magnetism ; since, then, the 
luminous matter composing the aurora obeys the magnetic influence 
of the earth, it is very probable that the luminous clouds of which it 
consists are composed of metallic particles, reduced to an extremely 
minute and subtile form. This being admitted, another consequence 
will immediately ensue, such metallic clouds, if the expression be 
allowed, will be conductors of Electricity, more or less perfect, accord- 
ing to the degree of proximity of their constituent particles. When 
such clouds arrange themselves in columnar forms, and connect 
strata of the atmosphere at different elevations, if such strata be 
unequally charged with Electricity, the electrical equilibrium will be 
re-established through the intervention of the metallic columns, and 
light and sound will be evolved in proportion to the imperfect con- 
ductibility of the metallic clouds arising from the extremely rarefied 
state of the metallic vapour or fine dust of which they are consti- 
tuted. All the results of electrical experiments countenance these 
suppositions. When the phenomena are produced in the more 
elevated regions, where the air is highly rarefied, little resistance 
being opposed to the motion of the electric fluid, light alone is 
evolved without sensible sound, as is observed when Electricity is 
transmitted through exhausted tubes; but when the aurora is de- 
veloped in the lower regions of the atmosphere, it would produce the 
hissing and cracking noise which appears to be heard on some 
occasions. If the metallic cloud possess the conducting power in a 
high degree, the electric current may pass through it without the 
evolution of either light or sound, and thus the magnetic needle may 
be afiected as it would be by an aurora, at a time when no aurora is 
visible. If any cause alter the conductibility of these columnar 
clouds, suddenly or gradually, a sudden or gradual change in the 
splendour of the aurora would ensue. 

According as those clouds advance over more southern countries, 
the direction of their columns being constantly parallel to the dip- 
ping-needle, they take gradually a more horizontal position, and, 
consequently, the strata of atmosphere, at their extremities, become 
gradually less distinct, and, therefore, more nearly in a state of 
electrical equilibrium ; hence it follows, that as the latitude diminishes 
the appearance of aurora becomes more and more rare ; until, in the 
lower latitudes, where the columns are nearly parallel to the horizon, 
such phenomena are never observed.” 

(305) The formation of these luminous metallic clouds is thus 
ingeniously accounted for by Biot: “The magnetic pole, or its 
vicinity, is evidently the point from which these columnar masses of 
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meteoric light proceed; therefore the extremely minute rays com- 
posing these columns must issue from the earth in that region. 
Now it is well known, that that part of the globe is, and always has 
been, characterised by tha prevalence of frequent and violent volcanic 
eruptions ; and several volcanoes have been, and still are, in activity 
round the place where the magnetic pole is situate. These eruptions 
are always accompanied by electric phenomena. Thunder issues from 
the volcanic clouds, ejected by the craters ; and these clouds of vol- 
canic dust, thus charged with Electricity, are projected to great 
heights, and carried to considerable distances through the air, carry- 
ing with them all the Electricity taken from the crater. 

These vast eruptions, issuing from depths so unfathomable that 
they seem almost to penetrate the globe, and issuing with such vio- 
lence from the gulfs by which they are projected into the atmosphere, 
must necessarily produce strong vertical currents of air, by which 
the volcanic dust will be carried to an elevation exceeding that of 
common clouds. To this it may be added, that more recent observa- 
tions have rendered it highly probable, if not certain, that metallic 
matter, and more particularly iron, in a pure uncombined state, is 
frequently precipitated from clouds in thunder-storms.” 

(306) Such is the theory of the French philosopher. More 
recently De la Eive (Phil, Mag, vol. xxxiv. p. 286) has put forth 
another view% founded on the following considerations : Atmospheric 
Electricity has its origin in the unequal distribution of temperature 
in the strata of the atmosphere ; positive Electricity proceeds from 
the hot part of a body to the cold ; and negative Electricity moves in 
a contrary direction, hence the lower column of the atmosphere is 
constantly negative, and the upper column positive. The difference 
is more marked in our latitudes in summer than in winter, and moi*e 
striking in general in the equatorial than in the polar regions. The 
negative state of the lower column is communicated to the earth, on 
which it rests, and thus positive Electricity increases with the height 
of the atmosphere. 

The opposite electrical states of the upper and lower regions of 
the air undergo neutralization when the tension reaches a certain 
degree of energy, by humidity, rain, snow, Ac. De la Eive conceives 
that, at the polar regions, the positive Electricity of the atmosphere 
combines readily with the negative there accumulated on the earth, 
because of the great humidity of the air in those regions, a current 
is thus formed, for the Electricity returns by the surface of the -earth 
from the poles to the lower portion of the stratum, from whence it 
started. The current is from south to nortli in the upper regions of 
the atmosphere, and from north to south on the surface of the earth. 
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The same takes place in both hemispheres, consequently, for an 
observer, travelling from north to south, the ctirrent would proceed 
in the same direction, from the north pole to the equator, and in a 
contrary direction, from the equator to the south pole. 

The aurora borealis is the luminous effect of these currents, 
travelling in these high regions towards the north pole, and is thus 
explained: when the sim, having passed into the southern hemi- 
sphere, no longer heats so much our hemisphere, a condensation of 
moisture, in the form of ice or snow, takes place round the polar 
regions, and Electricity is hereby conducted to the surface of the 
earth in the form of electric discharges. When the clouds are 
partial, halos are formed. The identity between the light of the 
aurora and electric light is proved by well-known experiments. The 
light produced by the electric discharge in highly rarefied, but per- 
fectly dry air is very faint ; the luminous effect is, however, greatly 
increased when moisture is present. 

(307) The reason why these phenomena appear at the magnetic and 
not at the terrestrial pole, is illustrated experimentally by De la Rive 
in the following manner : “ Place the pole of a powerful electro-magnet 
underneath the surface of mercur}', connected with the negative pole 
of a powerful galvanic battery ; bring over and near it the positive 
pole, armed with a charcoal point, a voltaic arc is formed, and the 
mercury is agitated above the magnet; luminous currents rotate 
round the pole, throwing out occasionally brilliant rays. There is 
always, as in the case of the aurora borealis, a dark portion in the 
form of a circular point, over the pole of the magnet. W’ith a con- 
tinuous current of prdinary Electricity, arriving at the pole of a 
i)o\verful electro-magnet in moist rarefied air, luminous efiects still 
more similar to those of the aurora borealis are obtained. These 
phenomena result from the action of magnets on currents, and the 
same should apply to the action of the magnetic pole of the earth. 
A noise is sometimes heard attending the aurora, exactly similar to 
that w’hich the voltaic arc produces in the action of magnetism. A 
sulphureous smell (ozone?) likewise accompanies the aurora; the 
aurora likewise disturbs the magnetic ’needle in an irregular manner ; 
Matteucci observed this in the Electric Telegraph between Eavenna 
and Pisa ; as did also Mr. Barlow (PM. A/hy., vol. xxxiv., p. 344) 
in the telegraph apparatus on the Midland line. 

(308) At the meeting of the British Association at Cork, in 
August, 1843, Mr. Nott (Athenesum) described the following experi- 
ment, illustrative of the phenomena of the aurora borealis : A globe 
of steel was magnetized by causing magnetizing bars to traverse it 
from the equator to the poles, whilst it was in rapid rotation ; it \^ as 
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then placed in similar electric circumstances to those which the earth 
was conceived to be iif, and regarding that region of the atmosphere 
immediately over the torrid zone as the principal seat of atmospheric 
Electricity, it was thought that if the globe were surrounded with a 
ring that would bear approximately the same proportion ^ to the 
globe, as this region of the atmosphere does to the earth, and both 
oppositely electrized, the action of the Electricity of the ring upon 
the air immediately enveloping the globe would place the latter in 
nearly similar^ electric circumstances to those of the earth* If then 
the aurora were an electric phenomenon, that is, a discharge of free 
Electricity, taking place from the pole of the earth, rendering the 
vortex, supposed to be immediately over the pole luminous, from the 
great rarefaction of the air within it, and passing over our atmo- 
sphere to the upper stratum of the equatorial region, an analogous 
effect ought to be produced by increasing the electric intensity of the 
artificial globe. Accordingly it was found, that on insulating the 
ring, and connecting it with the prime conductor of the resinous 
plate of the rheo-electric machine (a machine consisting of two pa- 
rallel plates, one of glass and the other of resin, rotating on the same 
axis, and provided with separate rubbers), and on connecting the 
insulated globe by one of its poles with the vitreous conductor, and 
placing it so that its equator was surrounded by the ring, a truly 
beautiful and luminous discharge took place between the uncon- 
nected pole and the ring. A dense atmosphere was most favourable 
for this experiment, the light had then the appearance of a brilliant 
ring, the under part, towards the globe, being comparatively dark, 
while above, all round the axis, Vere foliating diverging flames, one 
behind the other. When the atmosphere was very dry, it had merely 
the appearance of a beautiful electric brush. 

(309) Paraday has thrown out the idea (though with his usual 
caution), that the aurora borealis and australis may be connected 
with currents of Electricity induced by the earth’s rotation. ** I 
hardly dare venture,” he says {Ex. Besear., par. 192), “ even in 
the most hypothetical form, to ask whether the aurora borealis and 
australis may not be the discharge of Electricity thus urged towards 
the poles of the earth, from whence it is endeavouring to return by 
natural and appointed means above the earth, to the equatorial 
regions. The non-occurrence of it, in very high latitudes, is not at 
all against this supposition ; and it is remarkable that Mr. Eox, who 
observed the deflections of the magnetic needle at Falmouth by the 
aurora borealis, gives that direction of it which perfectly agrees with 
the present view. He states, that all the variations at night were 
towards the east, and this is what would happen if electric currents 
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were setting from BoutH to north in the earth under the needle, or 
from north to south in spheres above it.** Mr. Nott’s ingenious 
experiment, above described, may be considered as, in some degree, 
an experimental illustration of this theory. 

(310) Recent experiments {Humholdt) have failed to show a con- 
nection between polar light and atmospheric Electricity, since during 
the finest auroras no change has been detected in very sensitive 
electrometers. On. the other hand, all the three manifestations of 
terrestrial magnetism, the declination, inclination, and force, are 
afiected in a very sensible manner, the same end of the needle being 
sometimes attracted and sometimes repelled in the course of the 
same night. The luminous phenomenon is regarded by Humboldt 
as the restoration of the equilibrium temporarily disturbed, the 
termination of a magnetic storm, and the effect on the needle varies 
with the intensity of the discharge. The aurora is not to be regarde^d 
as the cause of the magnetic perturbation, but as the result of a state 
of “ telluric activity,” excited to the production of a luminous phe- 
nomenon ; an activity which manifests itself on the one hand by the 
fiuctuationa of the needle, and on the other by the appearance of the 
brilliant auroral light. A great difference between an electrical and 
a magnetic storm is, that the former is usually confined to a small 
space, beyond which the state of Electricity in the atmosphere 
remains unchanged; the latter, on the other hand, manifests its 
influence on the march of the needle over large portions of tjonti- 
nents, and far from the place where the evolution of light is visible. 
“ That the aurora,’* says Humboldt, “ is a magnetic phenomenon, 
has, by Faraday’s brilliant discovery of the evolution of light by the 
action of magnetic forces, been raised from a mere conjecture to an 
experimental certainty. The fact which gives to the phenomenon its 
greatest importance is that the earth becomes self-luminous; that 
besides the light which as a planet it receives from the central body, 
it shows a capability of sustaining a luminous process proper to itself, 
and this going on almost uninterruptedly in the polar regions leads 
us by analogy to the remarkable phenomenon presented by V^us 
when the portion of that planet not illumined by the sun is seen to 
shine wdth a phosphorescent light of its own.** It is not, he adds, 
improbable the moons of J upiter and the comets radiate a light ^ene- 
rated hy themselves in addition to the reflected light which they 
receive from the sun. 

(31^) Induction of atmosjpheric JElectricity on the wires of the 
Electric telegrafh, — According to the observations of Professor Henry 
of Philadelphia (JPhil. Mag. vol. xxx. p. 186), the wires are sometimes 
struck by a direct discharge of lightning which is seen coursing along 
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the wire in a stream of light; sometimes passing with explosions 
resembling the reports of rifles down the poles in succession. These 
lateral explosions are referred to the charge of the surface of the 
wire by a wave of the fluid, during the transmission of the Electricity 
which tends to give off sparks to neighbouring bodies, like the con- 
ductor of a machine. The discharge from the clouds does not 
generally consist of a simple wave of Electricity, but of a number of 
discharges in rapid succession along the same path, whence the wire 
of the telegraph is capable of transmitting an immense quantity of 
the fluid thus distributed over a great length of the conductor. 
Henry thinks that when the discharge takes place, a disturbance of 
the electrical plenum existing throughout all terrestrial space occurs, 
the state of rest being attained by a series of diminishing oscillations 
or waves, which, by their reflections, enhance the tendency of the 
Juid to fly from the conductor. 

(312) The natural state of the telegraph-wire may be disturbed 
without the presence of a thunder cloud, by the passage of currents 
of Electricity from one portion of space to another, the electrical 
condition of the atmosphere surrounding the wire at one place being 
different from that at another. A difference of elevation will do this, 
as kite experiments abundantly testify, 'so that if the line of the 
telegraph passes over an elevated mountain ridge, there will be con- 
tinually, even during clear weather, a current from the more elevated 
to the lower points of the conductor : vapour, fogs, snow, and rain 
at one end of the wire, and not at the other, may likewise determine 
currents of Electricity of sufficient power to set the marking machine 
of the telegraph in action. The natural Electricity of the telegraph- 
wire may even be disturbed by the induction of a distant cloud 
moving first towards and then from the wire, though such currents 
would be feeble. 

(313) A fruitful source of disturbance of the needles is the power- 
ful currents produced by induction, by flashes of lightning occurring 
perhaps many miles off. This is illustrated by the following experi- 
mept of Henry’s: By sending sparks from a machine through a 
parallelogram of about sixty feet by thirty of copper wire suspended 
by silk strings round the ceiling of a room, a current was induced in 
a second similar parallelogram placed immediately below the first in 
the cellar of the building, through two floors and thirty feet distant, 
sufficiently powerful to magnetize needles ; that similar effects may 
be produced by atmospheric Electricity was proved, by soldering a 
wire to the metallic roof of the house, and passing the other end 
down into a well ; at every flash of lightning a series of currents, in 
alternate directions, was produced on the wire. Sparks have indeed 
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been seen on the railroad itself, at the* breaks of the continuity of the 
rail, with every flash of a distant thunder cloud. Every discharge in 
the heavens must, therefore, produce inductive effects to a greater or 
less degree in the telegraph wires. In the Telegraph Office at 
Philadelphia, Henry observed sparks passing from the wire to a 
metallic surface, in connection with the earth through nearly an inch, 
during the raging of a storm at Washington ; such, indeed, was the 
quantity and intensity of the current, that the needle of an ordinary 
vertical galvanometer with a short wire, and not by any means 
sensible, was moved by it several degrees, its pungency was also very 
great. By erecting at intervals along the line metallic rods about 
half an inch from the wire of the telegraph, particularly at places 
where the line crosses the river, and near the stations, all personal 
danger may be avoided. It is well known that small birds have 
sometimes been found hanging by their claws dead from the wire, 
having probably been killed by one of these inductive discharges. 
There seems no way of obviating the effect of these inductive currents 
on the telegraph ; but during thunder weather it would be advisable 
to increase the strength of the batteries, and to diminish the sensi- 
bility of the magnetic needles. 

(314) According to the observations of M. Baumgartner {Revue 
Sclent ifique, Dec., 1849), the direction of the atmospheric eclectric 
currents along the telegraph wires is from Vienna to Sommering 
during the day, and inverse during the night, the change of direction 
taking place after the rising and setting of the sun. The regular 
current is less disturbed by irregular currents when the air is dry 
and the sky serene, than when the weather is rainy, and the current 
is more intense with short than with long conductors. When the 
sky is cloudy, and the weather stormy, currents are observed suffi- 
ciently intense to affect the telegraphic indicators, and the action is 
stronger on the arpproach of a storm. Mr. Barlow has also made 
some curious observations on the direction of the disturbance of the 
telegraph needle. He found {Phil, Mag, vol. xxxiv. p. 344), that in two 
telegraphs proceeding northerly and north easterly, i, e, from Derby 
N. towards Leeds, and from Derby N.E. towards Lincoln, the direction 
of the disturbance was always contrary to those proceeding southerly 
and south-westerly, e, g, from Derby S. towards Rugby, and from 
Rugby S.W. to Birmingham. He found currents at all times per- 
ceptible in telegraph wires between two earth conductors, but not so 
il‘ the wires have no earth connection ; that the changes of force and 
direction were simultaneous at both ends of a wire forty-one miles 
long, the current passing direct from one earth connection to the 
other ; that there is a daily movement of the galvanometer needle. 
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similar to that of the horizontal magnetic needle, produced by the 
electric currents travelling in one direction from eight a.m., to eight 
P.M., and returning in the oppositp direction during the remainder 
of the twenty-four hours ; the mov€#ment of the galvanometer needle 
being subject to disturbances which are the greatest during the 
prevalence of aurora; that the direction in which these currents 
alternate is from N.E. to S.W., the effect not depending on the 
direction of the wire itself, but on the relative direction of the two 
earth connections. 

Barlow also made simultaneous observations with the galvanometer 
and a declinometer needle, from which it appeared that taking the 
mean of many observations that part of the day in which the currents 
flow S. (e. e. from eight or nine a.m. till evening), the variation of 
the declinometer needle is W., and that, during the night and early 
in the morning, at which time the currents travel N., the variation is 
E., also that those large disturbances called magnetic storms are 
simultaneous on both instruments. 

Barlow attributes these currents to thermo-electric action in the 
crust of the earth, while De la Bive considers them to originate in 
the atmosphere. 

(315) The extraordinary influence of the aurora horenlis on the 
needles, and sometimes even on the bells of the electric telegraph, is 
thus noticed by Mr. Walker, • superintendent of the Electric 
Telegraphs to fhe South Eastern Railway Company, in his entertain- 
ing little work, entitled, ** Electric Telegraph Manipulation:” “At 
such times needles move just as if a good working current were 
pursuing its ordinary course along the wires, they are deflected this 
way or that, at times with a quick motion, and changing rapidly from 
side to side, many times in a few seconds, and, at other times, moving 
more slowly,* and remaining deflected for many minutes with greater 
or less intensity, their motions being inconstajit and uncertain. 
These phenomena have occurred less frequently on the part of the 
line between Reigate and Dover, which runs nearly E. and W. ; on 
the part between London and Reigate, which^ is nearly N. and S. 
When, however, they do make their appearance on the telegraph in 
those parts, we are prepared to expect auroral manifestations when 
the night arrives, and we are rarely disappointed. The deflections in 
their variations appear to coincide with the various phases of the 
aurora. On the branch line running from Ashford to Ramsgate, 
these deflections have been a much more common occurrence, even 
when the other parts of the line were unaffected, and when no 
auroral phenomena were noticed. This branch nearly coincides with 
the curve of equal dip. A dipping needle inclines downward to the 
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same angle 68®40' at all places along this curve ; whether there is 
any relation between these two facta remains to be investigated. . . . 
The needles are also subject to feeble secular deflections, correspond- 
ing with certain hours of the day. The wires also at times collect 
Electricity from the atmosphere, and affect the needles.” 

(316) Some remarkable phenomena, observed at the works of the 
Electric Telegraph Company, by Mr. Latimer Clarke, have recently 
attracted the attention of Professor Faraday, and are regarded by him 
as affording striking illustrations of the truthfulness of his views 
respecting the mutually dependent nature of induction, insulation, 
and conduction (83). 

The telegraph wire is covered with gutta percha, the insulation of 
which is tested by submerging the coils sometimes 100 miles at a 
time in water, and connecting one end through a galvanometer with 
one end of an insulated intensity voltaic battery, the other end 
of which is in communication with the earth; any deficiency of 
insulation in the wire is immediately shown by the deflection of the 
galvanometer, yet so perfect is the insulating power of the gutta 
percha tliat the needle seldom passes through more than 5®. On 
making contact between the free end of the battery (of 360 pairs of 
plates 4x3 inches), and one end of the immersed wire, and then 
breaking it, a smart shock could be received by a person touching 
the wire, and also, at the same time, a wire in communication with 
the earth ; and this even after the contact had been broken, two or 
tliree minutes ; a fuze could also be fired, and the galvanometer 
powerfully affected ; none of these effects were produced when the 
wire was suspended in air. 

(317) On consideration it became evident that the results obtained 
with the submerged wire were due to a cliarging of the wire by the 
battery, that it constituted in fact an immense Leyden arrangement ; 
the copper wire, exposing a surface of nearly 8,300 square feet, 
becomes charged statically with tlie Electricity from the battery, and 
acting by induction through the gutta percha, producing the opposites 
state on the surface of the water touching the gutta percha, find 
forming the outer coating ; the intensity of the static charge acquired 
is only equal to the intensity at the pole of the battery, but the 
quantity, becaiise of the immense extent of the coated siurfaco, is 
enormous ; hence the striking character of the results. The reason 
why no such effects are obtained with a wire suspended in air is 
simply because there is in this case no outer coating correspondent 
to the water, and as, therefore, there was no induction, so the inner 
wire could not become charged. Precisely similar phenomena were 
exhibited by the subterraneous w ires, covered with gutta percha and 
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enclosed in metallic tubes, existing between London and Manchester. 
These wires, when all connected together, offered a series of above 
1,500 miles, which as the duplications return to London could be 
observed by one experimenter at intervals of about 400 miles, by the 
introduction of galvanometers at these returns. When the whole 
1,500 miles were included, it requircid two seconds for the electric 
stream from a pole of the battery to reach the last instrument ; and 
when the battery was cut off, the last galvanometer show^ed that a 
current was flowing on to the end of the wire, whilst there was none 
flowing in at the beginning. Again, if a short touch was made of the 
battery pole against the first galvanometer, it could be deflected, and 
could fall back into its neutral condition before the electric power 
had reached the second galvanometer, wrhich in its turn would be for 
an instant affected, and then left neutral before the power had 
reached the third, &c. ; a wave of force having been sent into the 
wire which gradually travelled along it, and made itself evident, at 
successive intervals of time, in different parts of the w'iro. It was 
even possible, by adjusted touches of the battery, to have tw^o simul- 
taneous waves in the wdre, following each other, so tliat at the same 
moment that the last galvanometer was affected by the first w ave, the 
first or second instrument was affected by the second w^ave. It was 
possible also to cause two currents to flow in opposite directions 
from each extremity of the wdre, while no current w\‘is going into it 
from hny source, or by a quick contact betw een the battery and the 
first galvanometer, to cause a current to enter into, and return out 
of, the wire at the same place, without any sensible part of it 
travelling onwards to the other extremity. 

(318) The effects above described depend upon lateral induction, 
and are necessary consequences of the principles of conduction, 
insulation, and induction, three terms which, according to Faraday’s 
view, are in their meaning inseparable from each other (39 — 82). In 
the subterraneous or submerged wire, the induction consequent upon 
charge, instead of being exerted almost entirely at the moment within 
the wire, is to a very large extent determined externally ; and so the 
discharge or conduction being caused by a lower tension, therefore 
requires a longer time. 

(319) It is this lateral induction of the wire carrying a current 
which has occasioned such discrepancies in the measurements 
of the velocity of Electricity as given by different experimenters. 

Miles per second. 

Thus Wheatstone (154), with copper wire, made it. . . 288,000 
♦ Walker, in America, with telegraph iron wire . . 18,780 

* Liebig and Kopp’s Report, 1850 (Translated), p. 168. 
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* Milei per lecond. 

* O’ Mitchell, in America, with telegraph iron wire 28,524 

* Frizeau and Gonnelle, copper wire 112,680 

♦Ditto iron wire 62,600 

t A.B.G-., copper, London and Brussels telegraph . 2,700 

t Ditto, copper, London and Edinburgh telegraph 7,600 

But in regard to the long circuits operated within the above experi- 
ments, the conducting power of the wires cannot be understood 
whilst no reference is made to their lateral static induction, or to the 
conditions of intensity and quantity which then coftie into play ; 
especially in the case of short or intermitting currents ; for then 
static and dynamic are constantly passing into each other, 

(320) The following striking proof of the variations of the con- 
duction of a wire by the variation of its lateral static inductions was 
shown by Faraday in the lecture at his Royal Institution ( J an. 20, 
1854), in which these associated cases of current and static effects 
were first described. A long copper wire, having at the end m a 
metal ball, was insulated in the air; its end e con- Fig. 129. 
iicc#id w ith the earth, and the part near m and e 
brought within half an inch of each other at s ; 
then an ordinary Leyden jar being charged suffi- 
ciently, its outside connected with e, and its inside 
with wi, gave a charge to the wire which, instead 
of traversing wdiolly through it, though it be so 
excellent a conductor, passed in large proportion 
through the air at « as a bright spark; for wdth 
such a length of wire the resistance in it is accu- 
mulate? d until it becomes as much or perhaps even 
more than that of the air for Electricity of such 
high intensity. This is an old experiment. It 
was varied by Faraday by adjusting the interval at 
«, so that the spark just freely passed there, and 
then connecting n and o w ith the inside and outside of an insulated 
Leyden jar, the spark now* never appeared at s, though when the jar 
was away it could be made to appear twenty times without a single 
failure. The reason was, that in consequence of the lateral induction 
momentarily allowed by the interposition of the jar between the side 
wires, the intensity w'as lowered, and the quantity of Electricity 
though always the same, was not enough to strike across the inten'al 
at 6', but w as finally occupied altogether in the wire, which in a little 
longer time than before effected the whole discharge. 

* Liebig and Kopp’s Report, 1850 (Translated), p. 168. 
t AthenBDuna, January 14, 1854, p. 54. 

B 2 




244 


STATIOi^L OB FBICTIONAIi ELECTBICITT. 


(321) Beautiful illustrations and records of the facts above stated 
were obtained by Mr, Clarke with a Bain’s telegraph. The 

pens, three in number, were iron wires, under which there was made 
to pass by machinery a band of paper moistened with solution of 
ferro-cyanide of potassium, and thus regular lines of Prussian blue 
W'ere produced whenever the current was transmitted, and the line of 
the current was recorded. The following experiments were made ; 
the three lines were side by side, and about 0*1 of an inch apart. 
The pen m belonged to a circuit of only a few feet of wire, and a 
separate battery ; it told whenever the contact key was put down by 
the finger ; the pen n was at the earth end of a long air wire, and 
the pen o at the earth end of a long suhterraneoics wire, and by 
arrangement the key could be made to throw the Electricity of the 
chief battery into either of these wires, simultaneously with the 
passage of the short circuit current through the pen m. When the 
pens m and n were in action, the m record was a regular line of equal 
thickness, showing by its length the actual time during which the 
Electricity flowed into the wires, and the n record was an equally 
regular line parallel to and of equal length with the former, but^the 
least degree behind it, thus indicating that the long air w'ire conveyed 
its electric current almost instantaneously to the further end. But 
when pens m and o were in action, the o line did not begin until 
some time after the i/k line, and it continued after the m line had 
ceased, i.e,f after the o battery was cut off. Furthermore, it was 
faint at first, grew up to a maximum of intensity, continued at that 
as long as battery contact was continued, and then gradually dimin- 
ished to nothing. Thus the record o showed that the wave of power 
took time in the water wire to reach the further extremity : by its 
first faintness it showed that power was consumed in the exertion of 
lateral static induction along the wire; by the attainment of a 
maximum and the after equality, it showed when this induction 
had become proportionate to the intensity of the battery current ; by 
its beginning to diminish it showed when the battery current was 
off ; and its prolongation and gradual diminution showed the time of 
the outflow of the static Electricity laid up in the wire, and the con- 
sequent regular falling of the induction which had been as regularly 
raised. 

With the pens m and o the conversion of an intermitting into a 
continuous current could be beautifully shown, the earth wdre, by 
the static induction which it permitted, acting in a manner analogous 
to the fly-wheel of a steam engine, or the air-spring of a pump. 
Thus when the contact key was regularly but rapidly depressed and 
raised, the pen m made a series of short lines, separated by intervals 
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of equal length. After four or more of these had passed, then pen o, 
belonging to the subterraneous wire, began to make its mark, weak 
at first, then rising to a maximum, but always continuous. If the 
action of the contact key was less rapid, then alternate thickening 
and attenuation appeared in the o record ; and if the introductions of 
the electric current at the one end of the earth wire were at still 
longer intervals, the records of action at the other end became 
entirely separated from each other ; all showing beautifully how the 
individual current or wave, once introduced into the wire, and never 
ceasing to go onward on its course, could be affected in its intensity, 
its time, and other circumstances, by its partial occupation by static 
induction. By other arrangements of the pens n and o, the near end 
of the subterraneous wire could be connected with the earth imme- 
diately after the separation from the battery, and then the back fiow 
of the Electricity, and the time and manner thereof, were beautifully 
recorded. Many other variations of these experiments were made. 

(322) Mr. Faraday concluded the lecture, of which the above is an 
abstract, by some observations on the terms intensity and quantity, 
terms which, or equivalents for them, cannot, he thinks, be dispensed 
with by those who study both the static and the dynamic relations 
of Electricity. Every current where there is resistance has the static 
element and induction involved in it ; whilst every case of insulation 
has more or less of the dynamic element and conduction. The idea 
of intensity, or the pow'er of overcoming resistance, is as necessary to 
that of Electricity, cither static or current, as the idea of pressure is 
to steam in a boiler, or to air passing through apertures or tubes, 
and w’e must have language competent to express these conditions 
and these ideas. He has never found either of these terms lead to 
any mistakes regarding electrical action, or give rise to any false 
view of the character of Electricity or its unity ; he cannot find other 
terms of equally useful significance with these, or any which, con- 
veying the same idea, are not liable to such misuse as these may be 
subject to ; and, moreover, the present investigation has shown him 
their great value and peculiar advantage in electrical language. 
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CHAPTEE VII. 

GAJ.VA]SnC OR VOLTAIC ELECTRICITY. 

Various forms of the galvanic or voltaic battery — Law of Ohm — Wheatstone « 
application — The Kheostat. 

(323) Galvanic arrangements — Volta* s fundamental experiment , — 
Two polished metallic discs, one of copper and the other of zinc, 
about three inches in diameter, and each provided with an insulating 
handle, are brought into contact, holding them by their handles; 
they are then separated, esj)ecially avoiding friction, and brought 
successively into contact with the collecting plate of a condensing 
electroscope (92), the zinc plate is found to be slightly charged with 
positive, and the coppef plate wdth negative Electricity. The charge 
from one contact is very feeble, but by repeating the operation eight 
or ten times, taking care to discharge the discs each time by touch- 
ing them with the finger, a considerable amount of divergence of the 
leaves of the electroscope may be produced. The electric effects 
thus obtained were considered by Volta to be due to a peculiar 
electro-motive force, under which metals, by simple contact, tend to 
assume opposite electrical states, and this view has been supported, 
in recent times, by a brilliant array of profound electricians, in- 
cluding Pfaff, Marianini, Eechner, Zamboni, Matteucci, &c. ; on the 
other hand, a pow erful mass of evidence against it, and in favour of 
the theory that the source of power is chemical action alone, has 
been brought by numerous equally distinguished savans, including 
Eabroni, Wollaston, Qilrsted, Becquerel, De la Rive, Schoenbein, 
Faraday, Grove, Ac. We shall endeavour, in a future chapter, to 
present an unbiassed view* of both sides of this interesting philoso- 
phical question, 

(324) It has been shown by Mr. Grove {^Elect. Mag. vol. i., 57), 
that Volta’s experiment is equally successful if the contact is pre^ 
vented by the interposition of a circle of card, and he conceives the 
action betw een the discs to be somew'hat similar to that w hich oc- 
casions a coin, when allowed to remain for some time on a polished 
plate, to leave behind it on the metal a faint picture, viz., to a radia- 
tion between the metals, on account of difference in temperature. 
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whereby a chemical disturbance takes place. It is true, that to this 
experiment some objections have been raised. It has been urged, 
that the mere interposition of a rim of paper may not have prevented 
jictual metallic contact in those portions of the discs that were not 
protected; others have assumed, that the exciting cause is the fric- 
tion produced by the pressure of the discs against the paper. Mr. 
Gassiot has, however {Phil, Mag.^ Oct. 1844), repeated the experi- 
ment in the following unexceptionable manner : two plates, one of 
copper and the other of zinc, four inches in diameter, were attached 
to the insulated pillars of his micrometer electrometer {Phil. Trans, 
1840, p. 185) ; the plates w’ere carefully approximated to about To oth 
of an inch. When thus adjusted, a copper wire was attached to each 
of the plates and also to the discs of the electroscope, which were 
fixed at about J th of an inch apart ; the leaf of the electroscope was 
raised, so as to allow it to swing clear of the two discs, and when not 
c^xcitcd, to remain equidistant from each : thus arranged, the appa- 
ratus is ready for the experiment. With one hand the experimenter 
liolds a Zamboni’s pile (337), so as to have one of its terminals 
within about an inch of the glass plate or cap of the electroscope, 
and with his other hand he separates the plates: immediately on 
separation the terminal of the pile is brought into contact with the 
cap of the electroscope, and the leaf will be attracted as follows : — 
if touched by the minus terminal of the pile, the leaf of the electro- 
scope will be attracted to the disc in connection with the zinc plate, 
and if by the plus terminal, the leaf will be attracted to that in con- 
nexion witli the copper plate, which are precisely the same results as 
fellow the separation after actual contact. These results clearly 
show, that decided signs of electrical tension may be obtained xoithout 
any metallic contact. 

(325) Assuming that the Electricity excited by the contact of the 
copper and zinc plates is traceable to slight chemical action, it is 
easy to understand that increase of chemical action 
must give rise to increased augmentation of the 
electrical force. If we take two plates of different 
kinds of metal, platinum and zinc, for example. 

Figs. 130 and 131, and immerse them in pure 
water, touching each other, a galvanic circle will be 
formed, the water will be slowly decomposed, its 
oxygen becoming fixed on the zinc (the oxidable 
metal), and at the same time a current of Electricity 
will be transmitted through the liquid to the pla- 
tinum, on the surface of which the other element of the water, 
namely, hydrogen, will make its appearance in the form of minute 


Fig. 130. 
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gas bubbles : the electrical current passes back again into the zinc at 
the points of its contact with the platinum, and thus a continual 
current is kept up: and hence it is called a galvanic circle. The 
moment the circuit is broken by separating the metals, the current 
ceases, but is again renewed on making them again touch either in 
or out of the water, as shown in the figures. 

(326) If we now add a little sulphuric acid to the water, this 
effect will be much increased, because, in the 
first place, we make ,the liquid a better con- 
ductor ; and, secondly, because the oxide of zinc 
is removed from the surface of the metal as fast 
as it is formed, being dissolved by the acid ; and 
thus a new and clean surface is continually 
exposed. It is particularly to be observed, that 
the great increase in the quantity of Electricity 
generated is to be attributed almost entirely to 
the increased facility afforded for the decompo- 
sition of water, and has but little, if anything, to 

do with the formation of sulphate of zinc ; not chemical action 
alon-e, but chemical decomposition being absolutely essential to the 
development of current Electricity. The force originates with tlio 
zinc, passes in the direction of the arrow through the liquid to th(j 
platinum, and thence back through the wires B C, to the zinc. This 
is called a simjple galvanic circle. 

(327) To prove that the wire connecting the platinum and zinc 
plates is conducting a current of Electricity, we have only to place a 
nicely balanced magnetic needle above or below it, and we shall find 
that the needle will deviate from the magnetic meridian in obedience 
to laws that will be described hereafter ; but, how are we to account 
for the singular appearance of hydrogen gas on the platinum ? If 
we amalgamate the zinc plate, by immersing it in dilute sulphuric 
acid, and then rubbing it over with mercury, we shall find that a 
mixture of one part of sulphuric acid and ten of water will have no 
action on it while alone; the bright metallic surface w’-ill be soon 
seen covered with bubbles of hydrogen gas, which will adhere to it 
with considerable force, and thus protect it from further action : but 
on establishing a metallic communication between the zinc and the 
platinum, no matter in what manner, or by what circuitous a route, 
torrents of bubbles will rise from the latter metal, as if it were 
undergoing violent chemical action, while the zinc (the metal alone 
undergoing change) is oxidized and dissolved tranquilly and without 
any visible commotion. It is evident that we cannot explain this 
singular phenonenon on chemical grounds alone ; but we must con- 
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Bider the transference of the hydrogen to take place by the propaga- 
tion of a decomposition through a chain of particles extending from 
the zinc to the platinum, as in Fig. 132, in which, for the sake of 
simplicity, the exciting liquid is sup- 
posed to be hydrochloric acid: when 
the metallic communication is esta- 
blished between the plates, that particle 
of hydrochloric acid in contact with 
the zinc undergoes decomposition, its 
chlorine combining with the metal, and * 
its hydrogen displacing and combining 
with the chlorine of the second particle, 
the hydrogen of which combines with the chlorine of the third, and 
so on, till the platinum plate is reached, against which the hydrogen 
of the last particle of decomposed hydrochloric acid is Evolved in a 
gaseous form, because it can find no particle of chlorine to combine 
with, and because it cannot enter into chemical union with the 
platinum. These changes and interchanges are precisely similar 
when dilute sulphuric acid is employed, substituting oxygen and 
hydrogen (from decomposed water) for chlorine and hydrogen ; for, 
as we have already stated, the formation of sulphate of zinc has little, 
if anything to do with the business, it being to the decomposition of 
water that the efiects are to be ascribed. 

(328) Now there is nothing in the appearance of the liquid be- 
tween the plates which would indicate the transfer of the disunited 
elements above alluded to ; and the vessel which contains the acid 
may be divided by a diaphragm of bladder or porous earthenware, 
and the plates placed on each side of it, without interfering much 
wnth the general result. The force must be conceived to travel by a 
species of convection, and Mr. Daniell has offered the following illus- 
tration, to assist us in forming a first notion {Introduction to Che- 
mical Philosophy, p. 413). 

“ When a number of ivory balls arc freely suspended in a row, so 
as just to touch one another, if an impulse bo given to one of the 
extreme ones, by striking it with a hard substance, the force will be 
communicated from ball to ball without disturbing them, tiU it 
reaches the more distant, which will fly off under its full influence. 
Such analogies are but remote, and must not be strained too far ; 
but thus w^e may conceive that the force of aflinity receives an im- 
pulse in a certain direction, which enables the hydrogen of the fii*st 
particle of water, which undergoes decomposition, to combine mo- 
mentarily with the oxygen of the next particle in succession : the 
hydrogen of this again with the oxygen of the next ; and so on, till 


Fig. 182. 
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the last particle of hydrogen communicates the impulse to the 
platinum, and escapes in its own elastic form.” 

(329) But it is not in the exciting liquid alone, that this remark- 
able transfer of elements takes place ; the same power is propagated 
through the wire which connects the platinum and zinc plates 
together. To prove this, let the wire be divided in the middle, and 
having attached to each end a long slip of platinum foil, let each be 
immersed in a glass jar containing hydriodic acid ; in a few seconds 
iodine will appear on that slip of foil which is in connection with the 
platinum plate and hydrogen gas on the other; so that, supposing a 
decomposing force to have originated in the zinc plate, and circulated 
through the exciting acid in the jar to the platinum, and onwards 
through the wires and the hydriodic acid back to the zinc ; then the 
hydrogen of the hydriodic acid fullow'ed the same course, and dis- 
charged itself against the slip of platinum foil in communication with 
the zinc. 

(330) It does not require two metals to form a galvanic circle, or 
even two difterent liquids, if other conditions are attended to. A 
current is established when a zinc plate is cemented into a box, and 
acted upon on one side by diluted acid, and on the other by solution 
of common salt ; or, by acting on both sides by the same acid, one 
surface being rough and the other smooth, a communication being of 
course established between the tw’o cells. Common zinc afibrds a 
good illustration of a simple galvanic circle : this metal usually con- 
tains about one per cent, of iron mechanically diffused over its sur- 
face. On immersion into diluted sulphuric acid, these small particles 
of iron and zinc form numerous voltaic circles, transmitting the cur- 
rent through the acid that moistens them, and liberating a large 
quantity of hydrogen gas. 

(331) An important fact, of which a beautiful practical application 
was proposed by Davy, was early observed ; — In proportion as tlio 
contact of two metals in an acid or saline solution increases the 
affinity of one of them for one element of the solution, it diminishes 
the liability of the other metal to undergo change. Thus when zinc 
and copper are united in diluted acid, the zinc is acted upon more 
and the copper less than if they were immersed separately. A sheet 
of copper undergoes rapid corrosion in sea-water, the green oxy- 
chloride being formed; but if it be associated with another metal 
more electro-positive than itself, such as zinc, it is preserved, and the 
zinc undergoes a chemical change. Davy found that the quantity of 
zinc requisite to effect a complete preservation of the copper w as 
proportionably very small. A small round nail w^ill preserve forty or 
fifty square inches, wherever it may be placed ; and he found, that 
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with several pieces of copper connected by filaments, the fortieth of 
an inch in diameter, the effect was the same. Sheets of copper, pro- 
t(?cted by and xoir part of their surface of zinc, malleable, and 
cast-iron were exposed during many weeks to the flow of the tide in 
Portsmouth harbour, their weight, both before and after the experi- 
ment, being carefully noted. When the metallic protector was from 
A to T6 0 , there was no corrosion or decay of the copper; with yjls 

tIo there was a loss of weight: but even toVtt part of cast-iron 
saved a portion of the copper. Davy hoj)ed to apply .this principle 
to the preservation of the copper sheathing of ships ; but unluckily 
it was found, that unless a certain degree of corrosion take place in 
the copper, its surface becomes foul from the adhesion of sea-weeds 
and shell-fish. The oxy-chloride, formed when the sheathing is un- 
])rotected, acts probably as a poison to these plants and animals, and 
thus preserves the copper free from foreign bodies, by which the 
sailing of the vessel is materially retarded. M. Peinsch proposes 
(Jahrb.Jur Prakf. PJiarm. vii. p. 94) to cover the copper sheathing 
of vessels with a thin layer of arsenic in the moist way. This coating 
would cost very little, would not be acted upon by the salt water, 
and would prevent mollusca from adhering to the bottom of the 
vessel as efiectually as verdigris. 

(332) There are many modifications of the simple galvanic circle ; 
the original cylindrical battery, Pig. 133, consists of a double cylinder 
of copper closed at the bottom to contain the 
acid, and a similar but smaller cylinder of zinc, 
which is kept from touching tlie sides of the 
copper, by pieces of cork ; both are furnished with 
wires terminated by caps to contain mercury for 
the convenience of making and breaking the 
circuit. The quantity of Electricity set in motion 
by these simple circles, when on a large scale, 
is very great, though the intensity is very low. 

No physiological eflects are experienced when 
the body is included in the circuit, nor is water decomposed ; their 
heating powers are, however, so great, that they were called by Dr. 
Hare calorimotors. An arrangement on a very extensive scale was 
made at the Iloyal Institution, under the direction of Mr. Pepys, 
Pig. 134. A sheet of zinc, and one of copper, were coiled round 
each other, each being sixty feet long and two feet wide : they were 
kept? asunder by the intervention of hair ropes, and suspended over a 
tub of acid, so that by a pulley, or some other simple contrivance, 
they could be immersed and removed. About fifty gallons of dilute 
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Fig. 184. acid were required to charge this battery, 

and when it is stated that a piece of platinum 
w-ire may be heated to redness by a pair of 
plates, only four inches long and two broad, 
the calorific power of such an arrangement as 
the above may be imagined to have been 
immense. The energy of the simple circle 
depends on the size of th^ plates, the inten- 
sity of the chemical action on the oxidable 
metal, the rapidity of its oxidation, and the 
speedy removal of the oxide. 

(333) In order to increase the intensity of 
the electzical current, with a view to tlio 
exhibition of its chemical and physiological 
effects, we increase the number of the plates ; 
an arrangement of this sort is called the 
compound voltaic circle: it was the invention of Volta, and is 
hence called the voltaic pile. Now, the quantity of Electricity 
obtained from the voltaic pile is no greater than that from a single 
pair of plates, it is its intensity alone that is increased ; an important 
fact which has received much elucidation from the important labours 
of Faraday. 



Fig. 135. 



(334) The original instrument of Volta is shown 
in Fig. 135. It consists of a series of silver and 
zinc, or of copper and zinc plates, arranged om^ 
above another, with moistened flannel or paste- 
board between each pair. A series of thirty or 
forty alternations of plates, four inches square, will 
cause the gold leaf electroscope to diverge : the 
zinc end with positive, and the silver end with 
negative Electricity, a shock will also be felt on 
touching the extreme plates with the finger, when 
moistened with water. This latter effect is much 
increased when the flannel or pasteboard is moist- 
ened with mlt and water; in this case a small 
spark will be seen on bringing the extreme wires 
into contact, and water will be decomposed : from 
this we learn that the increase of chemical action 
by the addition of the salt, materially increases the 
quemtity of Electricity set in motion ; but they pile 
will not in any . sensible manner increase the di- 


vergence of the gold leaves, — its intensity^ therefore, is not materially 


augmented. 
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(335) An electric pile was constructed by De Luc, from which 
much useful information respecting the direction of the electric 
current in these cases of excitation may be derived. This instrument 
consists of a number of alternations of two metals, with paper inter- 
posed: the elements may be circular discs of thin paper, covered 
on one side with gold or silver leaf about an inch in diameter, and 
similar sized pieces of thin zinc foil, so arranged that the order of 
succession shall be preserved throughout, viz., zinc, silver, paper, 
zinc, silver, paper, &c. About five hundred pairs of such discs, 
enclosed in a perfectly dry glass tube, terminated at each end with a 
brass cap and screw to press the plates tight together, will produce 
an active column. The late intelligent electrician, Mr. Singer, con- 
structed a dry pile on a much more extensive scale. It consisted of 
twenty thousand series of silver, zinc, and double discs of writing- 
paper : it was capable of diverging with ball electroscopes, and by 
connecting one extremity of the series with a fine iron wire, and 
bringing the end of this near the other extremity, a slight layer of 
varnish being interposed, a succession of hriglit sparks could he pro- 
duced, especially when the point of the w'ire w’as drawn lightly over 
the surface. A very thin glass jar, containing fifty square inches of 
coated surface, charged by ten minutes* contact w ith the column, had 
power to fuse one inch of platina wrire toVo of an inch in diameter. 
It gave a disagreeable shock, felt distinctly in the elbows and 
shoulders, and by some individuals across the breast. The charge 
from tliis jar would perforate thick drawing-paper, but not a card. 
It did not possess the slightest chemical action, for saline com- 
pounds tinged with the most delicate vegetable colours underwent 
no change, even when exposed for some days to its action. 

(336) On examining the electrical state of the dry electric column, 

it is found to resemble that of a conductor under induction : in the 
centre it is neutral^ but the ends are in opposite electrical states ; 
and if one extremity be connected with the earth, the Electricity of 
the Opposite end becomes proper- Fig. 1 36. 

tionally increased : the zinc ex- 
tremity IB positive, and the silver 
or gold extremity negative: as 
may be proved by laying the 
column on the caps of two gold 
leaf electroscopes in the manner 
show^ in Fig. 136, the leaves will 
diverge with opposite Electricities; 
if a communication be made be- 
tween the instruments by a 
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metallic wire the divergence of the leaves will cease, but will again 
be renewed when such communication is broken. It is better to 
employ, in these experiments, an electroscope in which the gold 
leaves are suspended singly, as shown in Fig. 137, and so arranged as to 
Fig. 137. admit of their being brought nearer to or carried 

further from each other. If in such an instru- 
ment the leaves are adjusted at a proper distance 
from each other, and the wire from which one is 
suspended connected with the zinc end, and tlie 
wire from which the other is suspended con- 
nected with the silver end of the column, a kind 
of perpetual motion will be kept up between the 
leaves ; for, being oppositely excited, they will 
attract each other ; and having by contact neu- 
tralized each other, they will separate for a 
moment, and again attract and separate as before. If both silvcT 
ends, or both zinc ends of two columns are connected with the two 
gold leaves a continued repulsion will be kept up between the leaves, 
they being then similarly electrified. 

(837) A variety of amusing experiments has been devised, de- 
pendent upon this curious property of l)e Luc’s column. Thus a 
small clapper may be kept constantly vibrating between two bells. 
Tliis was the contrivance of Mr. Forster, who constructed a series of 
fiffeen hundred groups, and by its continued action kept up the 
vibrations of the pendulum for a very long time. With twelve hun- 
dred groups, arranged by Mr. Singer, a perpetual ringing during 
fourteen months was kept up. We are informed by Mr. Singer, that 
De Luc had a pendulum which constantly vibrated between two 
bells for more than tw'o years. A convenient modification of De 
Luc’s column was contrived by Zamboni, by pasting on one side of a 
sheet of paper finely laminated zinc, and covering the other side with 
finely powdered black oxide of manganese. On cutting discs out of 
this prepared paper, and piling them upon each other to the number 
of 1000, taking care to press them together, a little pile is obtained, 
capable of diverging the gold leaves of the electrometer to the 
extent of half an inch. Mr. Gassiot describes {Phil. Trans. 1889) 
an arrangement which he has constructed, consisting of a series of 
10,000 of Zamboni’s piles. With this arrangement, he charged a 
Leyden battery to a considerable degree of intensity, and obtained 
direct sparks of of an inch in length, lie ultimately succeeded in 
obtaining chemical decomposition of a solution of iodide of potas- 
sium, the iodine appearing at the end composed of the black oxide of 
manganese. 
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(«338) Philosophers are divided in opinion respecting the source of 
the electric charge of the “ dry pile,” some supposing it due to the 
contact of the metals, while others trace it to the contact of the zinc 
with the small portion of moisture which is contained in the paper in 
its common hygrometric state. It is certain that a degree of mois- 
ture is indispensable to the action of the instrument ; for the Elec- 
tricity disappears altogether when the paper discs have lost their 
humidity by spontaneous evaporation, and the zinc becomes slowly 
corroded in the course of years ; its charge appears to be altogether 
one of intensity, and after discharge requiring an interval of time for 
renewal. It is not improbable that the state of the atmosphere is in 
some way connected with the phenomenon, for- the motion of the 
pendulum is subject to much occasional irregularity. De Luc and 
j\lr. Hausrnan both observed that the action of the column was 
increased when the sun shone on it; but they conceived that the 
effect was not due to the heat of the sun’s rays, because it was found 
that an instrument put together after the parts had been thoroughly 
dried by the fire had no power whatever, but that it became effi- 
cacious after it had been taken to pieces, and its materials had 
remained exposed all night to the air from w'hich the paper imbibed 
moisture. Mr. Singer, however, remarks, that the power of the 
column is increased by a moderate heat, as his apparatus vibrated 
more strongly in summer than in winter, and the electrical indica- 
tions were stronger when there was a fire in the room. Caro should 
be taken not to allow the ends of the column to remain for any 
length of time in contact with a conducting body; for, after such 
continued communication, a loss of power w’ill be perceived. When, 
therefore, the instrument is laid by, it should be insulated ; and if it 
had previously nearly lost its action, it will usually recover it after 
a rest of a few days. The application of the dry pile to the electro- 
scope has been already alluded to (52). 

(839) AV'hcn a scries of some hundred couples of zinc and copper 
cylinders are arranged voltaically, and charged with common water, 
a battery is obtained, the Electricity of w'hich is of a high degree of 
intensity, resembling that of the common electrical machine ; indeed, 
by connecting the extremities of such an arrangement with the inner 
and outer coatings of a Leyden battery, it becomes charged so in- 
stantly that almost continuous discharges may be produced. An 
extensive series of the water-battery w’as constructed by Mr. Crosse, 
and the phenomena which it exhibited were of a very interesting 
character. It consisted of 2500 pairs of copper and zinc cylinders, 
most of which w'^cre enclosed in glass jars : they were all well insu- 
lated on glass stands, and were ranged on three long tables, well 
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protected from dust and from the light, — a situation which expe- 
rience has shown Mr. Crosse to be most favourable for this peculiar 
form of the voltaic battery. 

340) The following were some of the results obtained from this 
battery; — 30 pairs afforded a slight spark, sufficient to pierce the 
cuticle of the lip, the hand making the communication being wetted ; 
— 130 pairs opened the gold leaves of the electrometer about half an 
inch ; — 250 pairs caused the gold leaves to strike their sides ; — 400 
pairs gave a very perceptible stream of Electricity to the dry hand, 
making the"* connection between the poles, the light being very 
visible ; — 500 pairs occasioned that part of the dry skin which w^as 
brought in contact to be slightly cauterized, more especially at the 
negative side ; — 1200 pairs gave a constant small stream of the fluids, 
between two wires or two pieces of tin-foil, placed ihis of an inch 
apart, such wires or pieces of foil not having been 'previously brought 
into contact. This stream, when received by the dry hands, w^as 
exceedingly sharp and painful. A pith-ball, i inch in diameter, sus- 
pended by a silk thread, vibrated constantly between the opposite 
poles : 1100 pairs produced this latter effect. If the foot of a gold 
leaf electrometer was connected with one of the poles, and the hand 
of another person connected with the other pole brought over the 
cap of the instrument, even when held at several inches’ distance, 
the leaves struck their sides. Again, if the cap of the same elec- 
trometer was connected vdth either pole of the battery of 1100 pairs, 
the apposite pole not being connected 'with the foot of the instrument^ 
the leaves continued to strike the sides. This latter is a proof of the 
great w^aste occasioned by the imperfect insulation of the cylinders. 
A much more powerful effect would be produced by a superior insu- 
lation : — 1600 pairs of cylinders produced the above effects in a much 
greater degree. In a tolerably well insulated battery every ad- 
ditional ten pairs after the first IW produce an evidently increased 
effect ; and after 1000 pairs, the next 100 constitute a much greater 
addition to their power than one might promiscuously have imagined. 
With 1600 pairs the stream between two wires not previously brought 
into contact was very distinct ; the light, however, was not great ; the 
stream was of great intensity, but of small diameter. The method 
adopted by Mr. Crosse for exhibiting this interesting experiment is 
this ; — he takes a small glass stick, and ties on it with waxed thread, 
very securely, two wires of platina, with the two extreme ends ready 
to be plunged into tw o cups of mercury connected with the opposite 
poles of the battery ; the two other ends of the wires are brought to 
the distance of about of an inch from each other. The moment 
the connexion is made with the poles of the battery, a small stream 
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of fire takes place at the interval between the wires, which may be 
kept up for many minutes, nor does it appear inclined to cease. This 
experiment never fails; though with a much greater number of 
plates, each pair not being separately insulated, it would never 
succeed. 

The light between charcoal points, even with the whole series, was 
feeble, there was no flame nor even approach to it : the conducting 
power of the water used in the cells being inadequate to transmit 
a sufficient current to produce great light and heat, ^ven supposing 
such current to have been excited. Mr. Crosse has, however, a 
water battery, consisting of eighty pairs of very large cylinders, 
which gives very brilliant sparks between two points of charcoal 
when rubbed together. 

(341) When the opposite poles of the 2,400 pairs were connected 
with the inner and outer coatings of a large electrical battery, 
containing 73 feet of surface, a continual charge was kept up, each 
discharge being attended with a loud report, heard at a considerable 
distance. Each of these discharges pierced stout letter-paper, and 
fused a considerable length of silver leaf,, which it deflagrated most 
brilliantly, attended with loud snappings of light, more than a 
quarter of an ibch in length. Platinum wire was fused at the 
extremity, and the point of a pen-knife was soon demolished. Light 
substances were attracted a distance of some inches and repelled 
again : the physiological efiects would undoubtedly be exceedingly 
violent ; we have • not, however, heard that any person has yet 
ventured to experience them. 

(342) To avoid the trouble uf using this large electrical battery, 
Mr. Crosse constructed one of mica. It is made in the following 
manner: — Seventeen plates of thin mica, each five inches by four, 
are coated on both sides to within half an inch of the edge with 
tin-foil, and let into a box lined with glass, with a glass plate 
between each mica plate. Slips of tin-foil are pasted to each side 
of each plate of tin-foil, of which all those connected with the lower 
ones are brought together at the extremities furthest from the 
plate, and pasted to one end of* the interior of the box; whence, 
by a tin-foil communication, a connection is made with a brass 
stem, secured to the outside of the box. This represents what 
may be called the outer coating of the battery’ and is capped with 
a ball. The remaining strips of tin-foil or those connected with 
the upper surface of each plate, are brought together at the other 
end of the interior of the box, and turned back upon the tin-foil 
or upper part of the top plate. A brass plate, three inches square, 
is then laid flat upon those combined slips, a cover is fitted on 

s 
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the box with screws, and a glass tube carrying a brass stem, passing 
through it and the cover, is fixed in the centre of the cover : such 
stem being cut at the lower part into a screw, which passes through 
a female screw cut in a cap, cemented to the lower end of the 
glass tube within the cover, pressing on the brass plate. The 
upper part of the stem passes through a cap on the top of a glass 
tube, and is terminated with a brass ball, and may be termed the 
inner coating of the battery. By screwing the stem a perfect 
contact is mt^e between this ball and all the upper surfaces of 
the mica plates. The two balls are placed on the same level, and 
a brass wire of T^th inch diameter passes horizontally through the 
ball of the outer coating, cut into a screw to meet a similar one 
passing through the opposite ball. These wires are furnished with 
fine platinum points, and can be brought into contact, or made to 
recede at pleasure. A micrometer screw* may be attached. By 
means of holes made in the opposite stems, the mica battery may 
be connected by wires with the opposite poles of a voltaic battery, 
and the striking distance accurately measured between the points. 

(343) The whole arrangement will be understood by inspecting 
Pig. 138. A, is a sectional view of a dry wooden box, lined with 

Fig. 188. 



glass, containing the plates of covered mica, a plate of window-glass 
being interposed between each. B, strips of tin-foil a quarter of 
an inch wide, each of which has one end pasted to the tin-foil under 
each mica plate, and the other end brought to the bottom of the 
box, and secured together by paste, and attached by a conducting 
communication of metal to the rod C C. D, similar strips having 
one end pasted to the tin-foil over each mica plate, and the other 
ends turned back on the upper part of the upper plate. E, E, 
a thin brass plate three inches square, placed horizontally on the 
combined ends of the strip. F, a glass tube, capped at each end. 
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passing through the cover of the box G. Through this tube passes 
a brass screw, the lower end of which presses on the brass plate 
E, E, the upper end bearing the brass ball H. I, a brass ball, 
capping the stem C, C. Both H and I are pierced by the horizontal 
wires K, L, placed on the same level, cut into screws ; and having 
each a platinum point at one end, and a nut at the other. In each 
of the upright stems immediately under the balls, is a hole drilled 
to receive the wires of communication M, N. 

(344) The peculiar merits of this apparatus consist in its com- 
pactness, and its not being liable to injury from damp. When 
charged to a certain extent the shock is surprisingly painful, and 
is equivalent in power to many superficial feet of common coated 
glass. It is not calculated to be charged to a high intensity, as 
in such case the thin plates of mica would be pierced. Connected 
with the water battery, the following results were obtained by 
Mr. Crosse : — three pairs of cylinders produce light : twenty pairs 
produce a stream of light : 200 pairs produce a stream of scintiUa- 
tions, by drawing fine iron-wire over the lacquered knob of the mica 
battery : 300 pairs fire gunpowder : 600 pairs give a smart shock to 
the dry hands : 1200 pairs give a shock not easily borne, — felt across 
the breast and shoulders, and cause a constant stream of light to 
pass between two wires i of an inch apart, in an exhausted glass 
globe of four inches diameter, that globe being faintly but visibly 
illuminated over the whole of its interior during the experiment: 
1600 pairs give a shock perfectly insupportable, which nearly 
knocked a person down who received it< 

(315) Shortly after the above account of the performances of his 
water-battery w^as published by Mr. Crosse, the author constructed 
a series of 500 pairs of cylinders, each equal to a five-inch plate ; 
they were placed in green glass tumblers, insulated with the greatest 
care, and placed in a cupboard furnished with folding doors, to 
keep out the dust and to diminish evaporation. This battery, w^hich 
continued in almost ud interrupted action for upwards of tw o years, 
gave very powerful shocks when the terminal wires were grasped 
with the moistened hands, and when the positive wrire was held in one 
hand, and the dry knuckle brought into contact with the binding- 
screw attached to the negative, a spark was obtained, and a small 
blister raised on the cuticle; a spark was also obtained between 
the knuckles of two persons touching, respectively, the positive 
and negative terminations, and bringing their knuckles into contact. 
This battery had very slight decomposing power: the emission of 
gas from platinum points in acidulated water was not so great from 
fhe whole series of 500 as from 100, and from 100 not so great as 

8 2 
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from 40 ; this was evidently occasioned by the great resistance 
which the current had to encounter from the bad conducting power 
of the water with which the battery was charged; a resistance 
which it could not overcome, and consequently by far the greater 
portion of the Electricity generated was checked in its passage, 
while the small quantity that passed was brought to a high state 
of intensity. The spark obtained on bringing the ends of the 
terminal wires into contact was small, but brilliant, and w hen the 
ends were placed within the flame of a large candle the phenomena 
were very beautiful, the carbon being deposited in an arborescent 
form, and with great rapidity on the positive wire : while on the 
negative wire it was thrown down in much less quantity, though 
in a more compact form; occasionally, indeed, filaments started 
from the latter like the quills on the back of a porcupine. We 
have seen few more beautiful experiments than this, — it w'as first 
made by Mr. Gassiot ; the carbon on the positive wire assumes the 
form of every variety of tree and shrub, some particles starting 
up into the lengthened form of the poplar, whilst others spread 
laterally, assuming the appearance of fern : in less than a minute 
the flame of the candle becomes darkened by the quantity of pre- 
cipitated solid matter, w hich, as long as both wires remain in the 
flame, goes on increasing. Occasionally the carbon on the wires 
comes into contact, — when a bright spark is seen, and the arbo- 
rescent appearance for a moment vanishes. When the finely divided 
carbon on the wires is brought into contact out of the flame, the 
spark is exceedingly brilliant, and four or five times as large as 
the spark from the clean wires, especially when hot; a snap also 
is heard. 

(34 G) Connected with a mica battery (consisting of tw’enty plates 
of mica, each four inches square), 100 pairs scintillated iron wire, 
and gave a pretty strong shock, the whole series gave a brilliant 
spark, accompanied by a pretty loud snap, and a pow erful shock : 
it caused brilliant scintillations of iron-wire, deflagrated gold, silver 
and copper leaf, and exploded gunpowder ; it also charged a Leyden 
battery, containing about twelve square feet of glass, sufliciently 
high to give unpleasant shocks. 

By soldering the terminal wires to two copper plates, about two 
inches square, and fixing them upright on a turned mahogany frame, 
under a glass shade, perpetual vibration of a pith-ball \ of an inch 
in diameter, suspended by a filament of silk, was kept up rapidly 
between the plates, placed i of an inch apart. The motion of the 
ball has been kept up unceasingly for a fortnight and three weeks 
together. * 
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(347) A very extensive arrangement of the water battery is 
described by Mr. Gassiot {JPhil, Trans, 1844). It consists of 3520 
pairs or series of copper and zinc cylinders, each pair being placed 
in a separate glass vessel well covered with a coating of lac varnish. 
The glass cells are placed on slips of glass covered on both sides 
with a thick coating of lac. The 3520 cells, thus insulated, are 
placed on forty-four separate oaken boards, also covered with lac 
varnish, each board carrying 80 cells. The boards or trays slide 
into a wooden frame, where they are further insulajod by resting 
on pieces of thick plate-glass similarly varnished. Notwithstanding 
these precautions, the insulation was still imperfect ; nor does 
perfect insulation seem attainable for any lengthened period when 
such an extended series is employed. 

(348) In describing the results obtained with this gigantic battery, 
Mr. Gassiot considers the static and the dynamic effects separately. 
The static. On connecting the copper wires from the extreme 
cells with the plates a and h of the double electroscope. Fig. 139, the 
condensing plate p being removed, this instantly produces a con- 
siderable and steady divergence of the gold leaves ; and on applying 
the usual tests, the plate 5, connected with the copper extremity, 
gave signs of vitreous, and a connected with the zinc, of resinous 
Electricity. If a was connected with one extremity of the battery, 
the other extremity being connected or not with the ground, the 
same general effects occurred; the divergence of the leaves cor- 
responded with the connection, and the leaves of h diverged by 
induction ; if in this state h was touched, and then removed from the 
influence of a, it was found charged with the opposite Electricity. 


Fig. 139. 



(349) The assumption of polar tension by the elements con- 
stituting the battery before the circuit was completed was shown 
not only by the effect on the leaves of the electroscope when placed 
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* within two or three inches of either end of the battery, or over 
any of the terminal cells, but by the production of a spark between 
the terminal wires through the space of -jVth of an inch. When 
the double electroscope (Fig* 139) was included in the circuit, and 
the discs a and h closely approximated, the sparks became a stream 
of fire, which on one occasion were continued uninterruptedly day 
and night for upwards of five weeks. An experimenter standing 
on the ground could draw sparks from either terminal. 

(350) Dynqamc Fffects. — For testing the presence of what is 
usually termed the current^ two trays containing 160 cells of the 
battery were removed and most carefully insulated ; a very delicate 
galvanometer was interposed between the zinc terminal of one tray, 
and the copper terminal of the other, but not the slightest deflec- 
tion of the needle took place, neither was there the least indication 
of the liberation of iodine when a piece of bibulous paper was 
saturated with iodide of potassium and substituted for the galvano- 
meter; the inference from which is, that there was no definite 
chemical action taking place in any cell of the battery, and that 
the electric or static effects take place before, or independently of 
the actual development of the chemical effects. 

(351) The following instructive experiments were next made : — 
A copper wire attached to the negative end of the battery was 
connected with the galvanometer, and this with the plate a of the 
double electroscope (Fig. 139). A platinum wire attached to the 
positive end rested on a piece of bibulous paper moistened with 
iodide of potassium, another wire also resting on the paper was 
connected with the plate h of the electroscope. By a mechanical 
arrangement the plates could be approximated or separated as 
required. On approximating the plates so as to permit sparks to 
pass at intervals of about a second, a tremulous motion was imparted 
to the needle of the galvanometer, but when they were brought so 
nearly in contact as to permit the discharges to take place in quick 
succession, the needle was steadily deflected and iodine freely evolved ; 
proving that chemical action w'as taking place in each cell, and that 
the current is a collection or accumulation of discharges of Elec- 
tricity of tension. When 320 cells were employed, the greatest 
care being taken to insure perfect insulation, not the slightest 
evidence of any chemical action taking place in the cells could be 
obtained previous to completing the circuit, although there was 
sufficient intensity to elicit sparks through ^^i^yth of an inch, 

(352) The following conclusions are deduced by Mr. Gassiot 
from his experiment with this extraordinary battery. 1st. That 
the elements constituting the voltaic battery assume polar tension 
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before tlie circuit is complete. 2nd. That this tension when exalted 
by a series of pairs is such, that sparks will pass between the termi- 
nals of the battery before their actual contact. 3rd. That these 
static effects precede and are independent of the completion of 
the voltaic circuit, as well as of any perceptible development of 
chemical or dynamic action. 4th. That the current may be regarded 
as a series of discharges of Electricity of tension succeeding each 
other with infinite rapidity. 6th. That the rise of tension in a 
battery occupies a measurable portion of time. 6th. Jlat the static 
effects elicited from a voltaic series are direct evidence of the first 
step towards chemical combination or dynamic action. 

(353) It is easy to see that many inconveniences must attach to 
the pile of Volta, when the plates are numerous : in addition to the 
trouble of building it up, it is frequently rendered comparatively 
inactive by the moisture pressed out of the lower part by the weight 
of the upper : hence, the substitution of troughs and other arrange- 
ments. The most simple of these is Volta’s “ Couronne des tasses,” 
shown in Fig. 140, which consists in a row of small glasses or cups, 
containing very diluted sul- 
phuric acid, in each of which 
is placed a small plate of 
copper, about two inches 
square, and another similar 
sized plate of zinc, not 
touching each other, but so 
constructed that the zinc 
of the first glass may be 
in metallic communication 
with the copper of the 
second, the zinc of the second writh the copper of the third, and so on 
throughout the series. By this arrangement, when glasses are 
employed, we can see w'hat is going on in each cell : and if the zinc 
plates be amalgamated it will be observed that w'hen the wires are 
connected, and consequently when a current is passing, all the copper 
surfaces rapidly evolve hydrogen gas, while the solution of the zinc 
proceeds quietly ; but, that when the connection between the extreme 
plates is broken, the evolution of gas ceases. Eighteen or twenty 
pairs of plates will decompose acidulated water rapidly, and thirty 
will give a distinct shock to the moistened hands. 

(854) Another arrangement of the plates is showm in Fig. 141, 
where they are represented as fixed in pairs into a trough of wood : 
this constitutes Cruickshank’s battery. It is very convenient when 
solution of sulphate of copper is used as the exciting agent, which, as 
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Dr. Pyfe has shown (X. ^ E. 'EMI, Mag, vol. xi. p. 145), increases 
the electro-chemical intensity of the electric current, as compared 


Fig. 141. 



with that evolved by dilute sidphuric acid in the proportion of 
seventy-two to sixteen. An important modification \fras that sug- 
gested by the late Dr. Babington, and shown in Fig. 142 : the plates 


Fig. 142. 



of copper and zinc, usually 
about four inches square, 
are united together in pairs 
by soldering at one point 
only ; the trough in which 
they are immersed is made 
of earthenware, and divided 
into 10 or 12 equal portions. 
The plates are attached to 
a strip of wood, and so 
arranged that each pair shall 
enlose a partition between 
them : by this means the 
whole set may be lifted at once into or out of the cells ; and thus, 
while the fluid remains in the trough, the action of the plates may be 
suspended at pleasure, and when corroded, easily replaced. The 
piece of wood to which the plates are attached should be well dried, 
and then varnished, in order to render it a non-conductor of Elec- 
tricity. When several of these troughs are to be united together, it 
is necessary to be cautious in their arrangement, as a single trough 
reversed will very materially diminish the general eflTect. Care must 
also be taken to insure perfect communication between the several 
plates. A battery of two thousand double plates, on this plan, was 
constructed several years ago for the Eoyal Institution ; the surface 
was one hundred and twenty-eight thousand square inches, and its 
power immense. 

(365) A great improvement in the construction of voltaic batteries 
was made by Dr. Wollaston, in 1815, It consisted in doubling the 
copper plate, so as to oppose it to both surfaces of the zinc, as shown 
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in Fig. 143. A repre- 
sents the bar of wood to 
which the plates are 
screwed; B B B the 
zinc plates connected 
with the copper plates 
C C C, which are doubled 
over the zinc plates. 

Contact^ of the surfaces 
is prevented •by pieces 
of wood or cork placed 
between them. Ten or 
twelve troughi, on this 
construction, form a very 
efficient voltaic battery. 

It appears, from the experiments of Mr. Christopher Binks (X. ^ E, 
Phil, Mag. for July, 1837), that a still further extension of the 
copper would be attended with a considerable increase of power. He 
remarks that whatever may be the care taken to procure two plates 
of zinc of an uniform size and thickness, and however alike the 
attendant circumstances may be, no two couples will be found to 
give the same results in the same time when associated with cor- 
•responding copper plates, and acted on by acids in the usual way. 
While one plate will lose perhaps ten grains; another, apparently 
similar, will lose five or six grains ; and another, fifteen or sixteen in 
the same time : these difi’erences he finds to be independent of 
accidental differences in the distances of the plates from one another : 
zinc plates he also finds to lose less the first time of immersion than 
during the second and third. 

' (356) The arrangement shown in Fig. 144 is that of Professor 
Hare, of Philadelphia. It combines the advantages of the compound 
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Fig. 144. 
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trough and the calorimotor or deflagrator. A voltaic series fixed in 
a trough is combined with another trough destitute of plates, and of 
a capacity sufficient to hold all the acid necessary for an ample 
charge. The trough containing the series is joined to the other 
lengthwise, edge to edge ; so that, when the sides of the one are ver- 
tical, those of the other must be horizontal. The advantage of this 
is, that by a partial revolution of the two troughs, thus united, upon 
pivots which support them at the ends, any fluid which may be in 
one trough must flow into the other, and, reversing the movement, 
must flow back again. The galvanic series being plJbed in one of 
the troughs, and the acid in the other, by a movement such as has 
been described, the plates may all be instantaneously subjected to 
the acid or removed from it. The pivots are made ftf iron, coated 
wdth brass or copper, as less liable to oxidizement. A metallic com- 
munication is made between the coating of the pivots and the 
galvanic series within. In order to produce a connection between 
one recipient of this description and another, it is only necessary to 
allow a pivot of each trough to revolve on one of the two ends of a 
strap of sheet copper. To connect with the termination of the series 
the leaden rods (to which are soldered the vices or spring forceps for 
holding the substances to be exposed to the deflagrating power), one 
end of each is soldered to a piece of sheet copper. The pieces of 
copper thus soldered to the leaden rods are then to be placed undei^ 
the pivots, which are, of course, to be connected with the termination 
of the series ; the last-mentioned connection is conveniently made by 
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means of straps of copper, severally soldered to the pivots and the 
poles of the series, and screwed together by a hand-vice. Each pair 
consists of a copper and zinc plate, soldered together at the upper 
edge, where the copper is made to embrace the edge of the zinc. 
The three remaining edges are made to enter a groove in the wood, 
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being secured therein by cement. For each inch in the length of the 
trough there are three pairs. In the series represented^ in Fig. 144 
there are seven hundred pairs of seven inches by three, and in that 
shown in Fig. 145, one hundred pairs of fourteen inches by eight. 
The latter will deflagrate wires too large to be ignited by the former, 
but is less powerful in producing a jet of flame between two charcoal 
points, or in giving a shock. Dr. Hare exhibited two of these 
batteries at the meeting of the British Association at Bristol in 1836. 
Their power was very great in proportion to their size, ^ 

(357) A useful ar- 
rangement of copper 
and zinc plates for a 
voltaic battery, the con- 
trivance of J. A. Van 
Melsen, of Maestricht, 
is shown in Fig, 146. 

The copper soldered to 
the zinc in each pair 
envelopes the zinc of the 
following pair, so as to 
be exposed to the two 
surfaces of this plate, 
but without being in 
contact with it. It dif- 
fers from Wollaston’s 
pile in having the metallic plates much nearer to each other : they 
are only about -jV inch apart, and are maintained thus by small pieces 
of cork interposed between the plates of zinc and those of copper, 
whilst the plates of copper of the consecutive elements are separated 
by squares of glass of the same size as the plates. Fig. 147 repre- 
sents two elements of the series. All the pairs are placed in a kind 
of wooden frame. Fig. 148, carefully varnished, in which they are 
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Fig. 147, 


Fig. 148. 
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easily retained without its being necessary to attach them by screws 
to a bar of wood, as is the case in the Wollaston combination. This 
arrangement presents the additional advantage of greatly facilitating 
the taking to pieces of the elements. The pairs united in the frame 
are at once immersed into the acidulated liquid contained in the 
trough : the plates of zinc are carefully amalgamated. Van Melsen 
describes a battery* on this plan, which he constructed for the 
Maestricht University, consisting of 62 pairs, of which the plates of 
zinc are inches wide, and 7-J inches high. By its means a 
platinum wire of an inch thick, and 17f inches long, was reduced 
to incandescence with an extraordinary brilliancy, and fell into seven 
pieces, at the extremities of which the melted metal arranged itself 
in globules. A silver wire -iV of an inch thick, and 15 1 inches long, 
became intensely red, and fell into fragments. An iron wire -sV of 
an inch thick, and 15 f inches long, was speedily brought to the most 
vivid state of ignition, and was reduced into four pieces, in which, in 
many places, the melted iron was gathered into large globules. At 
the period of this latter experiment the battery had already been a 
long time in action, and was much weakened. When the battery 
was first excited, in order to produce a spark, the two slips of 
copper which serve as conductors were brought into contact. The 
parts in contact became immediately soldered together, so that it 
was necessary to employ a certain efibrt to separate them. 

(358) In a series of papers in the Philosophical Transactions for 
1836, Professor Daniell describes his “ constant’’ battery, and the cir- 
cumstances which led to its adoption. It has been remarked in the 
former part of this chapter that the evolution of hydrogen gas from 
the negative metallic surface in the common galvanic battery, greatly 
interferes with the development of available Electricity, for a 
considerable portion of the Electricity that is actually generated is 
probably spent in giving a gaseous form to the hydrogen of the de- 
composed water. But besides this, Mr. Daniell found that not only 
w^ere the oxides of copper and zinc reduced by the nascent hydrogen 
at the moment of its formation, .when salts of these metals were pur- 
posely dissolved in the fluid of the cells of the battery ; but the oxide 
of zinc itself, formed at the generating plates, was reduced at the con- 
ducting plates, which became ultimately so incrusted with metallic 
zinc as entirely to destroy the circulating force. The variations and 
progressive decline of the power of the ordinary voltaic battery are 
thus accounted for, since theikransfer of the electro-positive. metal 
must eventually cause two zinc surfaces to become opposed to each 
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other, the use therefore of the nitric acid in the battery charge is to 
remove the hydrogen by combination. Since, therefore, the hydro- 
gen has a two-fold injurious tendency, its absence altogether becomes 
a desirable object to effect. In a battery constructed by Mr. War- 
ren De la Eue, this was done by the employment of sulphate of cop- 
per as the exciting agent, and in the arrangement of Professor 
Daniell the same is accomplished, but under circumstances rather 
different, as will presently appear. 

Pig. 149 represents a section 
of one of the cells of Daniell’s ori- 
ginal ‘‘sustaining’* or “constant” 
battery ; a h c d z, cylinder of 
copper, six inches high and three 
and a half inches wide; it is open 
at the top a b, but closed at the 
bottom, except a collar ef, one inch 
and a half wide, intended for the 
reception of a cork, into which a 
glass syphon tube g h i j h fitted. 

On the top a 6, a copper collar, cor- 
responding with the one at bottom, 
rests by two horizontal arms. Pre- 
viously to fixing the cork syphon 
tube in its place, a membranous 
tube, formed of part of the gullet of an ox, is drawn through the 
lower collar e/, and fastened with twine to the upper, Imno, and when 
tightly fixed by the cork below, forming an internal cavity to the 
cell communicating to the syphon tube, in such a way as, that w'hen 
filled with any liquid to the level m o, any addition causes it to flow 
out at the aperture 1c. In this state, for any number of drops 
allowed to fall into tlic top of the cavity, an equal number are dis- 
charged from the bottom a, at the top of the zinc rod. Various 
connections of the copper and zinc of the different cells, may be made 
by means of wires proceeding from one to the other. In the con- 
struction of this battery, Mr. Daniejl availed himself of the power of 
reducing the surface of the generating plates to a minimum. The 
effective surface of one of the amalgamated zinc rods, being less than 
ten square inches, whilst the internal surface of the copper cylinder 
to which it is opposed is nearly seventy-tw^o inches. His principal 
objects,were to remove out of the circuit the oxide of zinc, (which has 
been proved to be so injurious to the action of the common battery,) 
as fast as the solution is formed, and to absorb the hydrogen evolved 
upon the copper, writhout the precipitation of any substance that 
might deteriorate the latter. 
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(359) The first is completely effected by the suspension of the zinc 
rod in the interior membranous cell, into which the fresh acidulated 
water is allowed slowly to drop, from a funnel suspended over it, and 
the aperture of which is adjusted for the purpose ; whilst the heavier 
solution of the oxide is withdrawn from the bottom at an equal rate 
by the syphon tube. When both the exterior and interior cavities 
of the cell were charged with the same diluted acid, and connection 
made between the zinc and the copper, by means of a fine platinum 
wire, Tot of an inch in diameter, he found that the wire became red 
hot, and that the wet membrane presented no obstruction to the 
passage of the current. 

The second object is obtained by charging the exterior space sur- 
rounding* the membrane, with a saturated solution of sulphate of 
copper, instead of diluted acid ; upon completing the circuit the cur- 
rent passed freely through this solution ; no hydrogen made its ap- 
pearance on the conducting plate ; but a beautiful pink coating of 
pure copper was deposited upon it, and thus perpetually renewed its 
surface.^ 

WTien the whole battery was properly arranged and charged in 
this manner, no evolution of gas took place from the generating or 
conducting plates, either before or after the connexions were com- 
plete ; but when a voltameter was included in the circuit, its action 
was found to be very energetic. It was also much more steady and 
permanent than that of the ordinary battery, but still there was a 
gradual but very slow decline, which Mr. Daniell traced at length to 
the weakening of the saline solution, by the precipitation of the 
copper, and consequent decline of its conducting power. 

(360) To obviate this defect, some solid sulphate of copper was 
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suspended in muslin bags, which just dipped 
below the surface of the solution in the cylin- 
ders, w'hich, gradually dissolving as the pre- 
cipitation proceeded, kept it in a state of 
saturation. This expedient fully answered the 
purpose, and Mr. Daniell found the current 
perfectly steady for six hours together. This 
arrangement he subsequently improved, by 
placing the salt in a perforated colander of 
copper, fixed to the copper collar. 

Fig. 150 represents a section of this additional 
arrangement. The colander with its central 
collar, rests by a small ledge upon the rim of 
the cylinder. The membrane is drawn through 
the collar, and turning over its edge is fastened 
with twine. After this alteration, the effective 
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length of the zinc rods exposed to the action of the acid was found 
to be no more than four inches and a quarter. {Philosophical 
Transactions^ 1836.) 

(361) The advantages of this battery over those of the previous 
construction are very great ; it secures a total absence of any wear in 
the copper ; it requires no nitric acid, but the substitution of materials 
of great cheapness, namely, sulphate of copper and oil of vitriol; 
it enables us to get rid of all local action, by the facility it affords of 
applying amalgamated zinc, and allows the replacement jf zinc rods 
at a very trifling expense ; it secures the total absence of any annoy- 
ing fumes ; and, lastly, it produces a perfectly equal and steady 
current of Electricity for many hours together. 

AVith a battery of twenty cells arranged in a single series, twelve 
cubic inches of mixed oxygen and hydrogen gases may be collected 
from a voltameter in every five minutes of action, and when they 
are first connected in pairs, and afterwards in a series of ten, the 
quantity amounts to seventeen cubic inches. Eight inches of pla- 
tinum wire, Yo?r of an inch in diameter, may be kept permanently 
red hot by the same arrangement, and the spark between charcoal 
points is very large and brilliant. 

Mr. Daniell even made it the source of the purest oxygen for 
laboratory purposes. To this end he constructed an oxygen cell^ by 
substituting a plate of platinum for the rod of zinc, enclosing it in 
the membranous tube, which is closed at the upper end by a glass 
tube, bent in a proper form to deliver the disengaged gas, under a 
receiver. In this arrangement the hydrogen is absorbed as before, 
by the oxide of copper, but the oxygen, to the amount of eighty 
cubic inches per hour, is given ofi* from the platinum. 

(362) Eig. 151 represents a single cell of the constant Fig. 151. 
battery, a cylindrical vessel of porous earth being substi- 
tuted for the bladder diaphragm, which proved very 
inconvenient on account of its becoming rapidly corroded, 
and pierced by the sharp edges of the crystals of metallic 
copper, deposited on the copper plate. These porous 
jars were, it seems, first employed by Mr. Dancer, ♦ of 
Liverpool, and they are now composed of the thinnest 
unglazed biscuit ware, a most excellent material. The 
battery, shown in Fig. 151, consists of a cylinder of copper, containing 
a tube of biscuit ware, which has a solid rod of zinc supported in its 
centre ; the cylinder is furnished with a perforated shelf, upon which a 
supply of crystals of sulphate of copper is placed, so that the battery 
being once charged, will maintain an equal action for many hours. 

* Golding Bird’s Elements of Natural Philosophy. 
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Fig. 1 r»2. Fig. 162 represents a set of six 

of the above batteries, and Fig. 
153 a set of ten large ones, the 
eopper cylinders being eighteen or 
twenty-one inches high, with zinc 
rods, and porous earthen tubes in 
proportion. This forms a powerful 
voltaic arrangement, evolving eight 
or ten cubic inches of oxygen and 
hydrogen gases in the voltameter per minute, and heating to redness 
twelve or fourteen inches of fine iron wire. 

A series of thirty cells of the smaller size, six inches high, and 
three and a half inches in diameter, forms a very efficient battery for 
the lecture table ; it heats from eighteen inches to two feet of iron- 
wire, deflagrates mercury most brilliantly, and burns metallic leaves 



Fig. 153. 



vividly. The cells of the sustaining battery must be plentifully 
supplied with sulphuric acid, without which the power is but feeble. 
Mr. Daniell recommends a mixture of eight parts of water, and one 
of oil of vitriol, which has been saturated with sulphate of copper, 
for the copper cell, the internal tube being filled with the same acid 
mixture without the copper. The porous cells should be well soaked 
in dilute sulphuric acid for an hour or two before being used ; and 
after their removal from the battery they should be repeatedly rinsed, 
or allowed to soak for some time in warm water, to dissolve out all 
the metallic salt from their pores. If this be not attended to they 
will be soon destroyed. 
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(363) It was found by Mr. Daniell {Transa>cUom of the Boyal 
Societ^y May 30th, 1819) that the action of the constant battery is 
by no means proportional to the surfaces of the conducting hemi- 
spheres, but approximates to the simple ratio of their diameters ; 
and hence, he concludes that the circulating force of both simple and 
compound voltaic circuits increases with the surface of the con- 
ducting plates surrounding the active centres. On these principles 
he constructed a constant battery, consisting of seventy cells, in a 
single series, which gave between charcoal points, separated to a 
distance of three quarters of an inch, a flame of considerable volume, 
forming a continuous arch, and emitting radiant heat and light of 
tlie greatest intensity. The latter, indeed, proved highly injurious 
to the eyes of spectators, in which, although they were protected by 
grey glasses, of double thickness, a state of very active inflammation 
was induced ; the whole face of Mr. Daniell became scorched and 
inflamed, as if it had been exposed for many hours to a bright mid- 
summer’s sun. The rays, when reflected from an imperfect parabolic 
metallic mirror in a lantern, and collected into a focus by a glass 
lens, readily burnt a hole in a paper at a distance of many feet from 
their source. The heat was quite intolerable to the hand held near 
the lantern. Paper steeped in nitrate of silver, and afterwards 
dried, was speedily turned brown by this light ; and when a piece of 
fine wire-gauze was held before it, the pattern of the latter appeared 
in w hite lines corresponding to the parts which it protected. The 
phenomenon of the transfer of the charcoal from one electrode to 
the other, noticed by Dr. Dare, but first observed by Professor 
8illiman, was abundantly apparent ; taking place from the zincode 
(or positive pole) to the 'platinode (or negative® pole). The arch of 
flame between the electrodes was attracted or repelled by the poles 
of a magnet, according as the one or other pole was held above or 
below it ; and the repulsion was at times so great as to extinguish 
the flame. When the flame was drawn from the pole of the magnet 
itself, including the circuit, it rotated in a beautiful manner. 

The heating powder of this battery was so great as to fuse with the 
utmost readiness a bar of platinum, one-eighth of an inch square ; 
and the most infusible metals, such as pure rhodium, iridium, 
titanium, the native alloy of iridium and osmium, and the native ore 
ot platinum, placed in a cavity, scooped out of a piece of hard carbon, 
freely melted in considerable quantities. 

(3Q,4) Mr. Gassiot afterwards, with the view of ascertaining the 
possibility of obtaining a spark before the circuit of the voltaic 
battery is completed, prepared first 160, and then 320 series of the 
constant battery in half-pint porcelain cells, excited with solutions of 
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sulphate of copper and muriate of soda; but although the effects, 
after the contact had been completed, were exceedingly brilliant, not 
the slightest spark could be obtained. He mentions in his paper 
{Fhil, Trans, 1840), that having been present at the experiments of 
Professor Daniell, above alluded to, he was induced to prepare 100 
series of the large constant battery; but although this powerful 
apparatus was used under every advantage, and the other effects 
produced were in every respect in accordance with the extent of the 
elements employed, still no spark could be obtained until the circuit 
was completed : even a single fold of a silk handkerchiefs or a piece 
of dry tissue paper, was sufficient to insulate the power of the 
battery, though after the circuit had been once completed, it fused 
titanium, and heated sixteen feet four inches of No. 20 platinum 
wire. 

(365) Fig. 154 represents a single cell of Mr, 
Smee’s voltaic arrangement, which, considering its 
advantages to arise from a mechanical help to the 
evolution of the hydrogen gas, he calls the chemico- 
mechanical battery. The circumstances which led 
the author to the construction of this admirable 
battery, are detailed in a paper inserted in the 
16th volume of the L, and E, Thil. Mag, He 
observes, that “ the influence of different conditions 
of surfaces is a subject which has escaped all 
experimenters, which is singular, as many must 
have noticed that in a circuit the greatest quantity 
of gas is given off at the corners, edges, and points. 
Following this hint,*a piece of spongy platinum, consisting as it 
does of an infinity of points, was placed in contact with amalgamated 
zinc, when a most violent action ensued, so that but little doubt 
could be entertained of its forming a very powerful battery. The 
fragile nature of this material precludes it from being thus used, and 
therefore it was determined that another piece of platinum should 
be coated with the finely divided metal. This experiment was 
attended with a similar good result, and the energy of the metal 
thus coated was found to be surprising. After a variety of experi- 
ments, Mr. Smee found that silver plates were preferable for re- 
ceiving the precipitated platinum, and he gives the following 
directions for preparing them : — “Each piece of metal is to be placed 
in water, to which a little dilute sulphuric acid and nitro-muriate of 
platinum is to be added. A simple current is then to be formed by 
zinc placed in a porous tube with dilute acid, when, after the lapse of 
a short time, the metal will be coated with a fine black powder of 
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metallic platinum. The trouble of this operation is most trifling^, 
only requiring a little time after the arrangement of the apparatus, 
which takes even less than the description.” The cost is about 
sixpence a plate, of 4 inches each way, or 32 inches of surface. It 
is necessary to make the surface of the silver rough, by brushing 
it over with a little strong nitric acid, which gives it instantly a 
frosted appearance, and after being washed it is ready for the 
platinizing process ; but the finely divided platinum does not adhere 
firmly to very smooth metals. • 

(366) Th6 arrangement of the platinized silver battery will be 
immediately understood from the figure. A piece of the platinized 
silver has a beam of wood fixed on the top to prevent contact with 
the zinc, and is furnished with a binding-screw. A strip of stout 
and well amalgamated zinc, varying from one half to the entire width 
of the silver, is placed on each side of the wood, and both are held in 
their place by a binding-screw sufficiently wide to embrace the zincs 
and the wood. This arrangement is immersed in a jar or glass, con- 
taining dilute sulphuric acid (1 oil of vitriol and 7 water), and not the 
slightest efiect is produced till a communication is made between the 
metals, when it instantly hisses and bubbles, and an active voltaic 
battery is obtained. For intensity effects it may be arranged as 
an ordinary Wollaston’s battery with advantage, as shown in Fig. 
155 ; the plates being raised from, and immersed into, the cells by 


Fig. 155. 



means of a winding apparatus ; or a series of glass tumblers may be 
connected together ; 10 or 12 form a very efficient battery, having a 
very elegant appearance, and well adapted for the lecture table, as 
the action in each cell may thus be very clearly seen. On account 
of the rapid removal of the hydrogen gas, there is, in this form of 
galvanic battery, but little tendency for the zinc to be deposited in a 
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metallic state upon the negative metal; nevertheless, when it is required 
in action for a long period, it may be advisable to separate the metals 
by a porous earthenware vessel ; or what answers the purpose equally 
well, by a thick paper bag, the joinings of which must be effected by 
shell-lac dissolved in alcohol. By these means the -sulphate of zinc 
is retained on the zinc side of the battery. It may also be arranged 
as a circular disc battery, or as a Oruickshank, each cell being divided 
or not by a flat porous diaphragm; but whatever arrangement is 
adopted, the closer the zinc is brought to the platinized metal the 
greater will be the power. 

In using the chemico-mechamcal battery, it is important that no 
salt of copper, lead, or other base metal, be dropped into the exciting 
liquid, as by that means there is a chance of getting a deposit on the 
negative metal, copper in particular is apt to get precipitated, in 
which case the platinized silver should be immersed in dilute sul- 
phuric acid, to which a few drops of nitro-muriate of platinum should 
be previously added, by this process the baser metals are dissolved, 
and metallic platinum thrown down. 

The platinized silver battery has become a great favourite with the 
public; it is simple in its construction, remarkably manageable in 
its applications, and elegant in its appearance. It is soon set in 
action, and as quickly cleaned and put aside; and although it has 
not the constancy of the admirable battery of Daniell, or the won- 
derful energy of the battery of Grove, it may be kept in active 
operation for six, eight, ten, or more days, when a sufficiency of ac;id 
is supplied to it ; hence, its extensive application in the art of electro- 
metallurgy. 

(367) In a paper read before the Boyal Academy of Sciences of 
Paris, April 15, 1839, Mr. Grove alludes to the powerful develop- 
ment of Electricity which would be occasioned by the combination 
of four elements instead of three ; as, by this means, we should have 
nearly the sum of chemical affinities instead of their difierence. He 
then describes some experiments which he considers as possessing a 
high interest, as they prove a well-known chemical phenomenon to 
depend on Electricity, and thus tighten the link which binds these 
two sciences ; and they led to the discovery of a voltaic combination 
much more powerful than any previously known. Gold-leaf is well- 
known to be unaffected by either nitric or by muriatic acid alone^ 
though in a mixture of the two acids the metal dissolves. Mr. 
Grove cemented the bowl of a tobacco-pipe (Fig. 156) into the 
bottom of a wine-glass ; into this he poured pine nitric acid, while 
the wine-glass was filled with muriatic acid to the same level ; in this 
latter acid two strips of gold-leaf were allowed to remain for an hour, 
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at the end of which time they were found as bright as when first 
immersed. A gold wire was now made to touch the nitric acid and 
the extremity of one of the strips of gold leaf ; this was instantly 
dissolved while the other strip remained unaltered. Two strips of 
gold-leaf were afterwards made the electrodes of a single pair of vol- 
taic metals in muriatic acid; the acid was decomposed, and the 
positive electrode was dissolved. 

(368) The action is evidently this : as soon as the electric cur- 
rent is established, both the acids are decomposed, th^ hydrogen of 
the muriatic acid unites with the oxygen of the nitric, and the 
chlorine attacks the gold. By the test of the galvanometer, the gold 
•which was dissolved was fqund to represent the zinc of an ordinary 
voltaic combination; and reasoning on the phenomena, it occurred 
to Mr. Grove to substitute zinc for the gold ; and on submitting it 
to the test of experiment, he found that a single pair, composed ot a 
strip of amalgamated zinc, an inch long and a quarter of an inch 
wide, a cylinder of platinum, three quarters of an inch high, with a 
tobacco-pipe bowl, and an egg-cup, readily decomposed acidulated 
water. This little elementary battery is shown in Fig. 156. He 
then substituted for the muriatic acid caustic potash, and found the 
action equally powerful ; then, sulphuric acid, with four or five times 
its volume of water ; and, although with this the intensity was a 
little diminished, yet, from its exercising less local action on the 
zinc, he was eventually induced to give it the preference. 

Mr. Grove then constructed a small battery, of a circular shape, 
consisting of seven liqueur glasses and seven pipe bowls : the diameter 
was four inches, the height one inch and a quarter. This pocket 
battery gave about a cubic inch of mixed gases in two minutes. 


Fig. 156. Fig. 167. 



Fig. 157 represents a single cell of the nitric acid battery, the zinc 
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cylinder Z, open at both ends and divided longitudinally, is plunged 
into a glass or stoneware vessel containing dilute sulphuric acid, and 
the platinum plate P, Pig. 158, which is corrugated to give it greater 
surface, is immersed in a porous cell containing common nitric acid. 

The sectional diagram. Pig. 159, exhibits the mode of fitting 


Fig. 159. 



up four pairs of zinc and platinum foil plates, as recommended by 
the inventor. -4 J5 C JD is a trough of stoneware or glass, with 
partitions JS JE JE dividing it into four acid proof cells. The dotted 
lines represent four porous vessels, of a parallelopiped shape, so much 
narrower than the cells as to allow the liquid w^hich they contain to 
be double the volume of that which surrounds them ; the four dark 
central lines represent the zinc plates, and the five lines which curve 
under the porous vessels the sheets of platinum foil, which are fixed 
to the zinc by little clamp screws. Common rolled zinc, about one- 
thirtieth of an inch thick and well amalgamated, may be employed. 
On the zinc side, or into the porous vessels, is poured a solution of 
either muriatic acid diluted with from two to two-and-a-half water, 
or, if the battery be intended to remain a long time in action, of 
sulphuric acid, diluted with four to five water ; and on the platinum 
side, concentrated nitro-sulphuric acid, formed by previous mixture 
of equal measures of the two acids. The apparatus should be pro- 
vided with a cover containing lime, to absorb the nitrous vapour. 
Pig. 160 represents a battery of four cells arranged in series, and 
the first set of plates, removed from the porcelain trough D, showing 
very clearly the arrangement. A a is the bent zinc plate, B the 
insulated platinum plate in its porous cell, C the next platinum plate 
connected by means of a binding screw with the zinc at «. 

(869) On the evening of March 13, 184:0, Mr. Grove delivered at 
the Eoyal Institution a lecture on voltaic reaction and polarization. 



and afterwards exhibited two batteries, constructed as above de- 
scribed. They were charged some time previously to the lecture ; 
and up to the period of its conclusion, remained in perfect inactivity, 
until the circuit was completed. One of these was arranged as a 
series of five plates, and contained altogether about four square feet 
of platinum foil; with this the mixed gases were liberated from 
water, at the surprising rate of 110 cubic inches per minute. A 
sheet of platinum, one inch wide and twelve inches leng, was heated 
in the open air thl’ougb its whole extent, and the usual class of 
effects was produced in corresponding proportion. With the other 
arrangement, consisting of fifty plates, of two inches by four, 
arranged in single series, a voluminous flame of one inch and a quarter 
long was exhibited between charcoal points, which showed beauti- 
fully the magnetic properties of the voltaic arc ; and bars of diflTer- 
ent metals were instantly run into .globules, and dissipated in oxide. 
These surprising effects were produced, it must be remembered, by 
a battery which did not cover a space of sixteen inches square, and 
was only four inches high. In a paper inserted in the 16th vol. of 
the L, and JS. Phil. Mag., Mr. Grove describes a battery of thirty- 
six elements, each consisting of a square inch of platinum foil and 
zinc, and charged with concentrated nitric and diluted sulphuric 
acid, of each of which it took a pound, so that for the expense of 
about a shilling he could experiment for eight or nine hours without 
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fresh charge, with a battery which gave between charcoal points an 
arc of light 0*4 of an inch long. Professor Jacobi states, that he has 
readily fused iridium, with a nitric acid battery, after it has been at 
work a whole day. With an arrangement of 100 pairs of this bat- 
tery, the performances are brilliant in the extreme: the flame be- 
tween charcoal terminals is exceedingly voluminous, and so brilliant 
as to be almost insupportable to the naked eye ; upwards of two feet 
of stout iron wire are heated to whiteness, and ultimately fused, and 
sulphuret of antimony is decomposed, and the metal brilliantly 
deflagrated. 

(370) The following explanation of the superior power of this 
battery is given by Mr. Grove (X. and JE. JEhil. Mag., vol. xv., p. 
289). “ In the common zinc and copper battery the resulting power 
is as the affinity of the anion ♦ of the generating electrolyte for zinc, 
minus its affinity for copper. In the common constant battery, it is 
as the same affinity plus that of oxygen for hydrogen, minus that of 
oxygen for copper : in the combination in question, the same order 
of positive affinities minus that of oxygen for azote. As nitric acid 
parts with its oxygen more readily than sulphate of copper, resist- 
ance is lessened, and the power correlatively increased. With regard 
to the second material question, that of cross precipitation; in the., 
common combination, zinc is precipitated on the negative metal, and 
a powerful opposed force created ; in the constant battery, copper is 
precipitated, and the opposition is lessened: in this there is no 
precipitation, and consequently no counteraction. 

“If the operation of the battery be watched, the nitric acid 
changes colour, assuming first a yellow, then a green, then a blue 
colour, and lastly, becomes aqueous ; after some time nitrous gas, 
and ultimately hydrogen, is evolved from the surflce of the platinum.” 

In the paper from which the above extract is taken, Mr. Grove 
describes an arrangement of his battery, which, theoretically, should 
evolve 218 cubic inches of mixed gases per minute, or nearly seven 
and a half cubic feet per hour ; and, should the period arrive when 
Electricity shall supersede steam, and become a means of locomotion, 
the form of batteiy which he describes would probably be the best 
that could be devised. The excellent method of economising space, 
viz., by crimping the negative metal, was proposed by Mr. Spencer, 
of Liverpool : by this means, in a given space, the sur&ce may be 
doubled without increasing the mean distance between the metals. 

(371) A substitution of carbon for platinum in the nitric acid bat- 


* The terms anion, cation, dectrolyte, &c., will be explained in the next 
diapter. 
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tery was introduced by M. Bunsen (Archivea de V JElectricite^ No. 7, 
103 ; Fogg. Arm. vol. Iv., p. 265). It had often been attempted to 
use for this purpose, graphite, and gas carbon, but the excessive 
cohesion of these substances, the difficulty experienced in working 
them, and still more the impossibility of making them into pieces of 
a given form and dimensions, prevented their adoption. Professor 
Bunsen, however, succeeded in surmounting the difficulty, by heating 
together in proper proportions, a mixture of well-baked coke and pit 
coal, both in fine powder. The mixture is heated ov^r a moderate 
charcoal fire, in sheet iron moulds, or in the form of hollow cylinders, 
by introducing within the iron mould a cylindrical wooden box, and 
filling with the mixture the interval existing between the two walls. 
To render the porous mass compact, it is plunged into a concentrated 
solution of sugar, and then dried until the sugar has acquired a solid 
consistence. It is afterwards exposed, for several hours, to the action 
of a very intense white heat in a covered vessel. If discs are required 
they are cut out of a cubical block of the prepared carbon, and 
polished on a plate of grey stone. Bunsen’s battery has the cylin- 
drical form of Daniell’s, Pig. 161. Bach carbon cylinder carries at 


Fig. 161. 



its upper part a collar of copper, carrying a strip of the same m»tal, 
by which it can be metallically connected by means of pincers with 
another metal strap soldered to the zinc cylinder in the adjoining 
cell; care must, however, be taken that the carbon cylinder is 
sufficiently high, that the part which carries the copper ring shall 
rise above the glass vessel, and consequently shall in no way come 
into contact with the nitric acid. It is difficult, however, to “prevent 
this in consequence of the porosity of the carbon, and the ring must 
therefore be removed and washed every time the battery is used. 
The porous earthen cell is placed within the carbon cylinder, in 
which is contained the zinc element. A modification of this battery 
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was contrived by M. Bonijol {De la Bivens Treatise, vol. i. p. 46, WaU 
leer's tmnslation). He employs solid cylinders of carbon, in tbe 
tops of which are inserted stout copper rods covered in with a 
coating of wax, which prevents the nitric acid from ascending as far 
as the copper. In this arrangement the amalgamated zinc cylinder 
is outside the carbon, the latter being contained in a porous tube. 

According to Bunsen’s experiments with equal surfaces, the powers 
of a platinum and carbon battery are nearly equal, and De la Hive says 
it is constant^fdr a longer time. According to the experiments of 
MM. Liais and Fleury, the diaphragm of the Bunsen battery may 
be advantageously suppressed, and when the carbon is porous and 
impregnated with nitric acid, the conductibility of the pile is in- 
creased five-fold. To keep the carbon thus saturated with acid, it is 
surrounded by a glass cylinder, so as to keep an annular space be- 
tween, which is fdled with nitric acid. The two cylinders are fasten- 
ed together at their lower ends with clay or cement ; this form of 
the nitric acid battery is much used in Germany and France, but 
has not found much favour in this country. 

(372) In the following scries, the metals are arranged according to 
their electrical characters, and in the same relation to each other as 
zinc has to copper, so that any one of them operates as zinc to all 
those above it, and the more distant from one another any two metals 
stand in the series, the greater the galvanic action they will develop. 


Platinum. 

Mercury. 

Tin. 

Gold. 

Copper. 

Iron. 

Silver. 

Lead. 

Zinc. 


Hence, as we have already seen, a galvanic series of platinum and 
zinc is more powerful than one of copper and zinc ; and the latter 
again more powerful than one of lead and zinc, &c. It is not, how- 
ever, to be understood, that the power of any two metals in the table 
depends upon the number of intermediate ones, because a series of 
platinum and iron is much feebler than a series of copper and zinc ; 
altl^ugh in the former case there are six intermediate metals, and in 
the latter there are only three. Charcoal and plumbago stand higher 
in the scale of electric bodies than platinum, so that a galvanic series 
of plumbago and zinc is very powerful, as we have just seen. Now, 
plumbago or graphite is a combination of iron and carbon, and the 
hint was thrown out by Jacobi,* that by adding more carbon to 
that which usually enters into the composition of cast-iron, we should 
probably arrive at a compound whose galvanic properties would be 
equal to those of platinum. The object may be obtained by a species 


* See his “ GaJvanoplaatic Ai-t,” translated by Mr. Sturgeon, p. 4. 
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of cementation, or by re-melting cast-iron with additional carbon in 
closed vessels. 

(373) This high negative character of carbon enables us to under- 
stand how it is that cast-iron and zinc form so effective a voltaic 
circle, standing as iron and zinc do immediately next each other in 
the above series. It was Mr. Sturgeon who first formed a large bat- 
tery of these metals, (Annals of j£lectricity^ vol. v.) It consisted of 
10 cast-iron cylindrical vessels, and the same number of cylinders of 
amalgamated rolled zinc, with dilute sulphuric acid. The cast-iron 
vessels were 8 inches high and 3J inches in diameter. The zinc 
cylinders were the same height as the iron ones, about 2 inches in 
diameter and open throughout. The iron and zinc cylinders were 
attached in pairs to each other by means of a stout copper wire. The 
zinc of one pair was placed in the iron of the next, and so on through- 
out the series ; contact being prevented by discs of mill-board placed 
in the bottom parts of the iron vessels. 

With ten pairs in series, Mr. Sturgeon states, that he usually ob- 
tained fourteen cubic inches of the mixed gases per minute, and ten 
and a half cubic inches, when the battery has been in action an hour 
and a half. On one occasion he states, tha.t he obtained twenty-two 
cubic inches per minute, fused one inch of copper wire, one-twenty- 
fifth of an inch in diameter ; kept four inches white hot, and eighteen 
inches red hot, in broad daylight. Eight inches of watch main- 
springs were kept red hot, and two inches white hot for several 
successive minutes. 

(374) A prodigious battery, probably the largest ever made, in 
which cast iron was the negative element, was constructed by Dr. 
Callan (Phil, 3£ag, vol. xxxiii. 49). It consisted of 300 cast-iron 
water-tight cells, each containing a porous cell and zinc plate 4 inches 
square ; 110 cast iron cells, each holding a porous cell and zinc plate 
6 inches by 4 ; and 177 cast-iron cells, each containing a porous cell 
and a zinc plate 6 inches square. The entire battery consisted there- 
fore of 577 voltaic circles, containing 9G square feet of zinc ^nd 
about 200 square feet of cast-iron. It was charged by pouring into 
each cast-iron cell a mixture of twelve parts of concentrated nitric acid, 
and eleven and a half of double rectified sulphuric acid, and by filling 
to a proper height each porous cell with dilute nitro-sulphuric acid, 
consisting of about five parts of sulphuric acid, two of nitric, and 
forty-five of water. In charging the entire battery, there were used 
about fourteen gallons of nitric and sixteen of sulphuric acid. 

(375) The first experiment made with this battery consisted in 
passing the current through a very large turkey, which was instantly 
killed, though it afterwards appeared that the whole discharge did 
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not take place through the body of the bird. In order to give the 
shock, a piece of tin-foil about four inches square was placed under 
each wing along the sides of the turkey, which were previously 
stripped of their feathers, and moistened with dilute acid. The foil 
was kept in close contact with the skin, by pressing the wings 
against the sides. The person who held the bird had a very thick 
cloth between each hand and the wing, in order to save him from the 
shock. When the discharge took place, the craw of the turkey was 
burst, and t^e hay and oats contained within it fell to the ground. 
When a copper wire in connexion with the negative end of the bat- 
tery was put in contact with a brass ring, connected with the zinc 
end a brilliant light was instantly produced. The copper wire was 
gradually separated from the brass ring, until the arc of light was 
broken. The greatest length of the arc was about 5 inches. The 
length of the arc of light between charcoal points could not be deter- 
mined, in consequence of the rapidity with which the charcoal burned 
away. At this period of the experiments several of the porous pots 
burst, and many of the copper slips became disconnected from the 
zinc cylinders, by the combustion of the solder ; notwithstanding, 
however, this interruption of the circuit, the arc of light between the 
coke points was about an inch long, and the heat of the flame defla- 
grated a file. 

(37G) According to Dr. Callan’s experiments a cast iron battery is 
about fifteen times as powerful as a Wollaston battery of the same 
size, and nearly as powerful and a half as Grove’s, and hence the bat- 
tery above described is equal in power to a Wollaston battery con- 
taining more than 1400 square feet of zinc, or more than 13,000 four- 
inch plates, and to a Grove’s containing 140 square feet of platina. 
The largest copper and zinc battery ever constructed was that made 
by the order of Napoleon for the Polytechnic school, and which con- 
tained 600 square feet of zinc ; and the most powerful Grove’s, of which 
an account has been published, does not contain 20 feet of platina. 
Hence the above battery was more than twice as powder ful as the 
largest Wollaston, and seven times as powerful as the largest Grove’s 
ever constructed. 

Callan has since (JPAi7. Peb. 1854) proposed as the negative 

element, sheet tin coated with an alloy of lead and tin, in which the 
proportion of tin is not greater than that of lead, or of lead, tin, 
and a small quantity of antimony. On tin plates thus coated, dilute 
sulphuric acid scarcely exerts any action. It may be platinized like 
sheet silver, or it may be coated with borax, and will then answer 
nearly as well as if platinized, these plates are far cheaper and more 
durable than platinized silver. Iron, coated with* an alloy of lead and 
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tin, powerfully resists the action of oxidizing agents, especially if a 
little antimony be added. 

(377) This surprising intensity of the zinc-iron circuit is thus ex- 
plained by Professor Poggendorff (JPog*. Ann, vbl. i. 255). 

“The intensity of the voltaic circuit depends on two things, — 
electromotive force, and the resistance. It is the quotient from the 
division of the former by the latter. Now though the electromotive 
force between zinc and iron is smaller than between zinc and copper, 
silver, or platinum ; nevertheless the current of the zinj-iron circuit 
is stronger, because the iron offers less resistance to the transition of 
the current than copper does. The current, however, possesses less 
tension than that of the copper circuit ; or, in other words, it is weak- 
ened by the insertion of a foreign resistance in a greater proportion 
than that of the copper-zinc ; and it was found that the interposition 
of a wire of German silver, fifty feet long, weakened the current from 
the iron-zinc more than that of the copper-zinc ; and further it was 
supposed, that by a continued increase of the inserted resistance, it 
would be possible to make the current of the iron circuit, not only as 
weak, but even weaker than that of the copper circuit. Professor 
Poggendorff did not, however, succeed practically in effecting this. 

(378) Mr. Roberts has, however, offered an explanation (X. and 
E, Fhil, Mag, vol. xix. p. 196), which Electricians in this countrj^ 
will probably be inclined to adopt in preference to that given by the 
learned German, who is one of the most powerful and strenuous sup- 
porters of the Contact Theory of Galvanism. It is simply, — that 
copper, when immersed in an acidulated solution, does not retain so 
clean a metallic surface as iron does, when exposed to a like action. 
When a copper-zinc pair is placed in dilute sulphuric acid, an action 
takes place upon both the metals, and the balance of their affinities 
for the acid determines the direction of intensity of the electric cur- 
rent : but an obstacle to its free circulation arises by the resistance 
oliered to its passage from the acid into the copper, because this 
metal has in a measure been acted upon by the acid, and its surface 
partially oxidated : but as the affinity of the base for the acid, under 
these circumstances, is not sufficient to cause the solution of the 
oxide, it therefore remains upon the surface of the copper-plate ; and 
as oxides are worse conductors of Electricity than their metallic 
bases, we have here a resistance presented by the oxidated surface to 
the entrance of the electric current into the copper plate. On the 
other hand, when an iron-zinc pair is immersed in dilute acid, we 
have also an action on both metals ; but the balance of affinities is 
here not so much in favour of the zinc, as when it is in combination 
with copper, and therefore the intensity or electromotive force gcjie^ 
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rated by tbe iron-zinc, is not so great as in that of the copper-zinc 
battery : but the quantity circulated by the iron-zinc is greater, be- 
cause the surface of the iron not only oxidates, as did the copper, but 
in consequence of its* greater affinity for the acid, this oxide becomes 
dissolved in the liquid, and it is thus removed from the surface of the 
metal, which remains purely metallic, bright, and far more fitted to 
conduct Electricity than would be the oxidated surface of a copper 
plate : it therefore offers less resistance to its entrance, and a larger 
quantity is thus circulated, although (in consequence of the balance 
of affinities) in less intensity, or electromotive force^ by an iron-zinc 
than by a copper-zinc galvanic pair. 

I (379) Mr. Eoberts has introduced a form of battery on the above 
principles, which, as it has been much used for blasting purposes, we 
shall here describe (JProc, Elect, sec. p. 357). For general purposes 
it consists of twenty single negative iron, and t'wenty single positive 
zinc plates, of six inches square, arranged alternately in a frame of 

wood, and connected in the following 
peculiar manner. Let the numbers 
I and z, Fig. 162 represent the zinc, and 
the letters and i, tbe iron plates ; let a 
and h be joined together, and stand 
free as a double terminal plate or pole, 
* ^ having of course a wire proceeding 
from them as a conductor ; then join 1 to c, 2 to d, 3 to and so on, 
terminating the other end of the battery by a positive plate, but 
having both its surfaces opposed to a negative plate, as is the con- 
dition of 4. 

In a battery of this construction there is no cross play of Electri- 
city, because two plates intervene between every positive plate, and 
the negative plate in metallic connection with it. Its power is very 
great in consequence of the closeness of the plates one to the other. 
It is very compact, and the absence of insulating cells renders it very 
convenient, as it can with no trouble be put into, or taken out of, its 
Fig. 163. box. The plates arc put into a frame 

made of bars of wood, as in Fig. 163. 
The plates are kept from touching each 
other by strips or rods of wood about 
i or i of an inch square, and long 
enough to extend from the top to the 
bottom of each plate, one rod to each 
side of a plate ; or if the plate be Very 
large, another in the middle. The box containing the exciting liquid 
(dilute sulphuric acid, one part acid to thirty of water) is put 
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together with white-lead joints, as these are perfectly water-tight. 
A battery of this construction is found to be far more powerful and 
constant in its action, than an equal sized one of copper and zinc. 

(380) While speaking of the electrical properties of iron, we may 
take the opportunity to detail some peculiar voltaic conditions of that 

. metal. In the L. and E, Phih Mag,^ vols. ix., x., and xi., several 
papers on this curious subject will be found, by Schoenbein, Faraday, 
and others ; but we must confine ourselves here to the simple facts, 
referring to the original papers, for the theoretical explanations 
offered by the respective authors. 

If one of the ends #f an iron wire be made red hot, and, after cool- 
ing, be immersed in nitric acid, sp. gr. 1*35, neither the end that has 
been heated, nor any other part of the wire wiU be affected, whilst 
acid of this strength is well known to act rather violently upon com- 
mon iron. By immersing an iron wire in nitric acid of sp. gr. 1*5, it 
becomes likewise indifferent to the same acid of 1*35. 

(381) The principal facts that the writer has experimentally 
verified, and the observations which he has made, in repeating 
Schoenbein’ 8 experiments, are as follow : — 

1®. It is well known, that when iron wire is immersed in nitric 
acid, sp. gr. 1*35, it is attacked with violence; but Sir John 
Herschel was, it seems, the first person who noticed that if the wire 
was associated with gold or platinum, it was quite inactive in acid of 
that strength. When an iron wire, one-sixteenth of an inch in 
diameter, was touched at a given point with platinum, and dipped 
into nitric acid, sp. gr. 1*37, it was not at all acted upon, but 
remained, for any length of time, perfectly bright. Once touching 
it in the acid w’ith the platinum was sufficient to render it inactive 
when the platinum was removed, as long as it remained in the acid ; 
but if it were taken out, wiped, and then again immersed, action 
commenced, but soon again ceased. 

2°. If the acid was diluted with an equal bulk of water, platinum 
did not preserve iron wire from its action, even when coiled thickly 
round it : it appeared, indeed, rather to quicken the action ; but 
although it did not protect the iron under these circumstances, it 
did under others which will be mentioned presently. 

3®. If a wnre, having been made inactive by being touched with a 
piece of platinum, was touched while in the acid with a piece of zinc, 
or another common iron wire, it was immediately thrown into violent 
action. Half of a wire, four inches long, was heated to duU redness, 
the blue tinge was visible through three inches : when the wire was 
cold, these three inches were quite inactive in nitric acid sp. gr. 1*39, 
the other end was active ; but when the heated end was made bright 
by filing, it was rendered active likewise. 
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4®. When an inactive wire and one that was active, were dipped 
into the same vessel, and made to touch at their parts above the fluid, 
action was excited in the indifferent wire. A common wire was 
made to touch an indifferent one, and both dipped into nitric acid, 
the indifferent one going in first : by this means the common wire 
was rendered indifferent, not being in the slightest degree acted on 
by the acid ; the second wire rendered indifferent a third ; the third, 
a fourth ; and so on. This experiment was found to succeed best 
with a wire that had been made indifferent by platinum ; but with 
care, it will answer equally well with a wire that has been made 
indifferent in the fire, the conditions appearing^o be, perfect contact 
and gradual immersion. When these wires were taken out of the 
acid, and wiped, they always returned to the active state, but were 
again made indifferent by repeating the process. 

5°. A wire, polished ve^y bright, and protected by platinum, was 
immersed in a solution of nitrate of copper in nitric acid, which 
acted very strongly on common iron, copper being deposited on the 
metal ; the protected wire remained, however, bright ; after a few 
seconds, the platinum was removed — the iron became instantly as 
common iron; but when the platinum was allowed to remain in 
contact an hour or two, and then removed, the wire was left in the 
peculiar state, exhibiting the curious phenomenon of a piece of 
polished iron remaining untarnished in a solution of acid nitrate of 
copper. The wire thus inactive, on being touched with a piece of 
common iron was instantaneously rendered active, undergoing rapid 
solution and becoming covered with a coating of copper. 

6°. A piece of common wire was bent into the form of a fork, and 
slipped down an inactive wire into nitric acid, by w^hich it was itself 
rendered inactive ; now, if another piece of wire was made to touch 
the fork, before being introduced into the acid, it was rendered itself 
inactive ; but if it was first thrown into action, and then made to 
touch either end of the fork, it threw all the wires into action, unless 
the first wire was one rendered inactive by the fire, in which case it 
was not thrown into action ; the author could not, in this experiment, 
succeed in making one end of the fork active and the other passive, 
as described by Schoenbein ; he tried it many times, and in every 
case every wire was thrown into action, when either was touched in 
the acid with an active wire. 

• 7°. In order to observe the electrical phenomena, a galvanometer 
was used in the manner described by Faraday ; a platinum wire was 
connected with one of the cups, and the other end dipped into a glass 
containing nitric acid, of the above strength ; if now, an iron- wire 
was connected fi/rst with the other cup of the galvanometer, and then 
the other end immersed in the acid, it was inactive, and no defleqtion 
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of the needle took place ; but if it was first put into the acid, and 
afterwards connected with the galvanometer, it was active, and the 
needle was deflected in the same manner as if it had been zinc, i.e., 
whichever pole of the needle the wire of the galvanometer with which 
it was joined passed immediately over, moved toest. 

8®. If an inactive wire was in this experiment substituted for the 
platinum, it acted precisely as platinum, both with regard to its pre- 
serving action and to the direction of the electrical cuwent produced ; 
and here it may be observed that a striking proof is by this experi- 
ment afforded, that voltaic action is due to chemical action, for, when 
the wires were so arranged that both should be inactive, there was 
not the slightest electrical current evinced by the galvanometer ; but 
when either was thrown into action by being touched by a common 
wire, that wire became instantly as zinc, and the needle was strongly 
deflected. 

9®. If the iron-wire had a piece of platinum foil attached to it, the 
moment the circuit was closed, bubbles of gas made their appearance 
on the platinum, but none on the iron ; but when the platinum was 
removed the gas rose rapidly from the iron, which was not, however, 
thrown into action. 

10°. When two glasses were filled with acid, and connected by a 
compound platinum and iron-wire, all the phenomena which took 
place in a single glass were observed, and the platinum or inactive 
wire in one glass exerted a protecting influence on the iron on the 
other, provided the communication was first made through the gal- 
vanometer ; a touch from a common wire also threw the iron into 
action, producing a strong electrical current ; the same was the case 
with three or four glasses connected by a compound wire. 

11°. When the acid was diluted, so as to have a sp. gr. of 1*2, 
platinum, as was before observed, could not protect iron from its 
action, neither when it was connected with the galvanometer did it, 
if the iron was dipped into the acid first ; but if it was first con- 
nected with the galvanometer, and then put into the acid, no action 
whatever took place in any length of time, even when the platinum was 
removed ; but it always commenced \vhen the inactive wire was once 
touched in the acid with a common iron-wire, or with a piece of 
copper ; but the iron thus made inactive did not as in strong acid 
possess the power of rendering other wire inactive, but was always 
thrown into action itself when a piece of common wire was substi- 
tuted for the platinum, whether it was connected with the galvano- 
meter first or not : the first wire in this case acted as platinum to 
the second. 

12°. When tw^o cups were employed, and connected by a piece of 

u 
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bent wire, and bo arranged that the iron-wire should be active, on 
removing the connecting wire, and taking a fresh piece, if it were 
dipped &st into the cup containing the iron- wire, and then the other 
end brought into the platinum cup, that end was inactive^ and there 
was no 'passage for the electrical cv/rrent, the needle of the galvano^ 
meter being quiescent ; but when it was put into an active state the 
electrical current passed. Here then we have the iron made inactive 
without any 'mstallie communication with the platinum, and when 
inactive it is fi'und incapable of conducting, or, at any rate, it obstructs 
very considerably the passage of an electrical current. 

13". If the iron-wire was inactive it was impossible to make 
either end of the connecting bent wire so, neither could it be, if it 
were dipped into the platinum cup first ; the action of nitric acid of 
this strength, viz. 1*2, is not an effervescing action, the iron is slowly 
dissolved ; when a piece of clean metal is dipped in it, it speedily 
becomes covered with a brown substance, which is gradually depo- 
sited, but dissolved by agitation. 

14®. When iron-wire is made the positive electrode of a galvanic 
battery, consisting of fifteen or twenty pairs, and dilute nitric, sul- 
phuric or phosphoric acid the subject of experiment, the negative 
electrode consisting of a platinum wire, if that pole be first dipped 
into strong nitric acid, and the circuit closed by a common iron-wire, 
that wire is immediately inactive, as regards the action of the acid on 
it, and it behaves precisely as platinum or gold in giving off oxygen 
from the decomposed water, while the platinum wire becomes sur- 
rounded with a greenish fluid (nitrous acid) : any other mode of 
closing the circuit will not answer, and if, w'hile oxygen is given off 
from the iron-wire, it is once brought into contact with the platinum, 
it ceases to give off oxygen when separated from it, and w^ill not 
again do so till exposed to the air. 

15". The same phenomena occur with diluted acid, only hydrogen 
gas is given off in great abundance from the platinum, and as before, 
when the wires are made to touch in the liquid the iron ceases to 
perform the office of platinum, and becomes gradually dissolved; 
exposure to the air, however, brings it again to the peculiar state, 

16'^. Diluted sulphuric and phosphoric acid exhibit similar pheno- 
mena, but the iron cannot be made inactive in muriatic acid with 
that or any other voltaic power ; it is always converted into muriate. 
When diluted nitric acid is employed, and when two cups are con- 
nected by a common ironrwire, the effects are the same ; and if the 
connecting wire be removed, and the cups joined by another, in the 
manner before described, that end in the cup in which the platinum 
negative electrode was, gives off oxygen, while the other end under- 
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goes solution, and the iron-wire which acted the part of the positive 
electrode gives off oxygen also ; if four cups be employed, a similar 
result is obtained ; but the quantity of oxygen liberated diminishes 
as the number of elements increases : if either of the ends of the 
wires be now touched with a common iron-wire, its peculiar state is 
destroyed, and it becomes as the other end, while the oxygen it gave 
off appears to be divided between the two inactive wires ; and if the 
iron-wire in immediate connection with the battery be made active, 
and all the others but the middle one made active, also, then the 
middle wire performs the office of the positive electrode. 

Much more might be said on this curious subject ; the above must, 
however, suffice here, and those who are anxious to see the matter 
fully discussed may be referred to the 9th, 10th, and 11th volumes 
of the L, and JE. Fhil, Mag. *A voltaic battery, consisting of zinc 
and passive iron, or of active and passive iron, in either case excited 
after the manner of a Grove’s battery, was described in a commu- 
nication from Professor Schoenbein to the London Electrical 
Society. The power of the arrangement is said to be very great. 
Its economy is also a matter of importance, and the value of the salt 
produced (sulph. ferri) is not to be overlooked. 

(382) The electrical character of an alloy of metals does not, it 
must be observed, always take a place between those metals of which 
it consists, but more frequently it stands either much higher or 
much lower in the series. Such is the case with brass, which mostly 
acts in galvanic arrangements, either quite as well, or even better 
than copper, which is one of its constituents. (Jacobi.) On the 
other hand, either amalgamated zinc, or a compound of zinc and 
quicksilver, acts even better than zinc alone, although quicksilver 
itself stands high in the galvanic series. A compound is described 
by Jacobi, which is still better than quicksilver and zinc; it consists 
of 38 parts of quicksilver, 22 parts of tin, and 12 parts of zinc. 
Nevertheless, he observes, in such alloys as these, where too much 
quicksilver is introduced, the disadvantage is, that they are extremely 
brittle, and have but little coherence. 

(383) The inaction of amalgamated zinc in acidulated water 
is considered by Mr. Gro# (X. and E. Phil. Mag., vol. xv. p. 81) 
as being the effect of polarization; but of one wbich differs from 
ordinary cases of polarization, in that the cations of the electrolyte, 
instead of being precipitated on the negative metal, combine with it, 
and render it so completely positive, that the current is nullified, and 
not merely reduced in intensity as in other cases. 

The experiments made by Mr. Grove, to verify this idea, are 
curious and striking. 

V 2 
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1®. Half the surface of a strip of copper was amalgamated and 
immersed with a strip of zinc in water, acidulated with ^th of 
sulphuric or phosphoric acid ; on making the plates touch there was 
a rapid evolution of gas from the unamalgamated part of the copper, 
while only a few detached bubbles appeared on the amalgamated 
portion. 

2®. A large globule of mercury was placed in the bottom of a glass 
of acidulated water, and by means of a copper wire, the whole surface 
of which was amalgamated, it was made to communicate with one 
extremity of a galvanometer, while a strip of amalgamated zinc, im- 
mersed in the same liquid, communicated with the other extremity ; 
at the instant of communication an energetic current was indicated, 
which, however, immediately diminished in intensity, and at the end 
of a few minutes the needle returned to zero : scarcely any gas was 
evolved, and of the few bubbles which appeared, as much could be 
detected on the surface of the zinc as of the mercury. 

3®. With the same arrangement a strip of platinum, well amal- 
gamated, was substituted for the mercury. In a few minutes the 
current became null or very feeble, and if, after the cessation of the 
current, the zinc was changed for unamalgamated platinum, this 
latter evolved torrents of hydrogen, and the needle indicated a 
violent current in a contrary direction. 

4®. With things arranged as in 2®, sulphate of copper was substi- 
tuted for ^idulated water, — a constant current was produced, and 
copper was precipitated on the mercury, as long as crystals of the 
sulphate were added to the solution. 

(384) In these experiments it is shown that mercury, which, in its 
normal state, is well known to be inefficient as the positive metal of 
a voltaic combination, is in many cases equally inefficient as a nega- 
tive metal from its faculty of combining with the cations of electro- 
lytes, which renders it equally positive with the metal with which it 
is voltaically associated, and the opposed forces neutralize each other. 
But if, as in 4®, the cation of the electrolyte is not of a highly 
electro-positive character, the zinc (or other associated metals) 
retains its superior oxidability, and the voltaic current is not arrested. 

(385) The application of these expeffments to the phenomena 
presented by amalgamated zinc, Mr. Grove thinks evident ; all the 
heterogeneous metals with which the zinc may be adulterated, and 
which form minute negative elements, being amalgamated, become by 
polarization equally positive with the- particles of zinc, and conse- 
quently without the presence of another metal to complete the 
circuit, all action is arrested as in the case of pure zinc. The fact 
of amalgamated zinc being positive with respect to common zinc, of 
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its precipitating copper from its solutions, and other anomalies, are 
also explained by these experiments. 

(386) A form of voltaic battery, the arrangement of I>r. Leeson, 
in which, instead of sulphate of copper, a solution of bichromate of 
potash (ten parts water to one of bichromate), is employed as the 
exciting agent, is shown in Fig. 164. AAia a, vertical, and BB & 


Fig. 164. 



horizontal section of the wooden trough rendered water-tight. It is 
grooved at the sides, as seen in B Bj so as to receive the zinc plates 
^ Z : between each pair is a groove to receive the flat norous cell, 
containing the copper plate C. Each zinc plate rests on a piece of 
zinc, w^hich forms as it were the bottom of a cell : one of each pair 
of zinc plates, Z, is higher than the other, as seen in the vertical section, 
for the convenience of forming the connection, which is efiected by 
binding over the copper plate, and attaching it to the tall zinc one 
by a small binding screw, as seen jit e. The trough is charged with 
acid solution, and the porous cell containing the copper with the 
solution of bichromate. Each trough contains ten or twelve cells. 
By having the zinc which surrounds the copper in three pieces, the 
trouble of binding is avoided, and it is much easier of manipulation. 
It will be seen by this, that the expensive plan of employing actual 
partitions between the respective -pairs is avoided, each arrangement 
of zinc forming its own cell. It is scarcely requisite to mention, 
that the zinc is not of necessity to be accurately fitted in its groove, 
under the idea of making each cell water4ight, the fallacy of this 
idea having been long since developed, 

(387) A beautiful little voltaic battery, and one of great power in 
which potassium is the positive element, is described by Mr. Good- 
man, {Memoirs^ Manchester Lit, and Bhih Soc, vol. viii.) A wine 
glass was filled with dilute sulphuric acid, and in this was immersed 



294 


GALVAKIO OB VOLTAIC ELECTEIOITT. 


a plate of platinum just below the surface of the liquid. At the 
extremity of a short length of glass tubing a piece of membrane 
was tied, so as to close up its lower end, which was by an appropriate 
stand so fixed that the membrane or diaphragm should come in 
contact with the surface of the acidulated water immediately above 
the immersed plate of platinum. Into this tube was dropped a 
globule of mercury, which lying upon the membrane would serve to 
amalgamate and keep in that condition the piece of potassium 
destined for that situation. The tube was then filled with mineral 
naphtha, so that the metal could be raised with pleasure into a 
medium in which it would remain perfectly quiescent, and would 
only suffer loss when required to do so. The potassium, weighing 
about half a grain, was now screwed upon the “ topped” extremity of 
a copper wire, upon which a shoulder or button of wood was also 
screwed, about one-sixteenth of an inch from its extremity, to 
prevent the wire perforating the potassium too far, and coming itself 
in contact with the diaphragm. This wire was in metallic communi- 
cation with the immersed platinum, and for the purpose of raising or 
depressing the potassium in its cell, a moveable mercury cup formed 
the medium of communication. Prom this the potassium hung sus- 
pended by its wire, upon which a small weight was aflSxed to insure 
the continuous contact and close application of this metal to tlie 
membrane. With the apparatus thus arrajiged, it was found that 
potassium %ecame a very manageable element in a voltaic battery, 
and on lowering it into contact with the diaphragm a continuous 
current of 45° to 50° was observed by the aid of an intervening 
galvanometer. Acidulated distilled water was energetically de- 
composed by this miniature galvanic battery, and Mr. Goodman 
even succeeded in producing a sensible and measurable deflection 
gold leaf with a single cell. 

(388) A most extraordinary and perfectly novel voltaic battery, in 
which the active ingredients are gases, was described by Mr. Grove 
{FJiil, Mag. Dec. 1812 ; FhiL Trans, part ii., 1843 ; and part ii. 1845), 
It consisted originally of a series of 50 pairs of platinized platinum 
plates, each about a quarter of an inch wide, enclosed in tubes 
partially filled alternately with oxygen and hydrogen gases, as shown 
in Pig. 165. The tubes were charged with dilute sulphuric acid, sp. 
gr. 1*2, and the following effects were produced : 

1st. A shock was given w^hich could be felt by five persons joining 
hands, and which when taken by a single person was painful. 

2nd, The needle of a galvanometer was whirled round, and stood 
at about 60°; with one person interposed in the circuit it stood at 
40°, and was slightly defiected when two were interposed. 
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Fig. 166. 



3rd. A brilliant spark visible in broad daylight was given between 
charcoal points. 

4th. Iodide of potassium, hydrochloric acid, and water acidulated 
with sulphuric acid, were severally decomposed: the gas from the 
decomposed water was eliminated in sufficient quantity to be collected 
and detonated. The gases were evolved in the direction denoted in 
the figure, i. e., as the chemical theory and experience would indicate, 
the hydrogen travelling in one direction throughout the circuit, and 
the oxygen in the reverse. It was found that twenty-six pairs were 
the smallest number which w'ould decompose water, but that four 
pairs w’ould decompose iodide of potassium. 

5th. A gold leaf electroscope was notably affected. 

When the tubes w ere charged with atmospheric air, no effect was 
produced, nor was any current determined wheu the gases employed 
were carbonic acid and nitrogen, or oxygen and nitrogen: when 
hydrogen and nitrogen gases were used, a slight effect w^as observed, 
which ]\lr. Grove is inclined to refer to the oxygen absorbed by the 
liquid when exposed to the air, which, with the hydrogen, w^ould give 
rise to a current. 

The voltaic current generated by this battery is attributed by Mr. 
Grove to chemical synthesis, of an equal but opposite kind, in the 
/ilternate tubes, at the points where the liquid, gas, and platinum 
meet, and the object of covering the platinum with the pulverulent 
deposit was to increase the number of these points, the liquid being 
retained upon the surface of the platinum by capillary attraction. 
Schoenbein considers (PAiZ. Mag,y March, 1843) that the oxygen 
does not immediately contribute to the production of the current, 
but that it is produced by the combination of hydrogen with water, 
a suboxide of hydrogen being formed. In consequence of this 
opinion, Mr. Grove undertook a searching investigation into the 
phenomena, and the following are some of his principal results. 
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(389) In order conveniently to examine the gases either after or 
during an experiment, without changing the liquid in which the 
tubes are immersed, the form of cell shown in Fig. 166 was adopted. 
Fig, 166. Fig. 167. h c d e iB & parallelopiped glass or stone- 




ware vessel, such as is commonly used for 
the outer cells of the nitric acid batteries. 
The tubes are cemented into pieces of 
wood ah, a Cy and can, with the wood, be 
separately detached from the trough, as 
shown in Fig. 167. At the aperture or 
space a a, between the tubes, there is just 
room for a finger to enter, close the orifice 
of either tube, and thus detach it from the 
apparatus. The platinum foil is turned 


up round the edge of the tube, and brought 


into connection with a binding-screw 


screwed into the wood. In Fig. 168 a battery and five cells of this 


Fig. 168. 



construction, each containing about 1-^ cubic inch, is represented as 
charged with oxygen and hydrogen, connected with a decomposition 
of water apparatus. With a battery of 50 of these cells there was 
but a trifling diflerence in the rise of the liquid in all the cells, anc^ 
the rise of gas in the decomposing apparatus was so directly propor- 
tional that an observer unacquainted with the rationale of the voltaic 
battery would have said the gases from the exterior cells were con- 
veyed through the solid wires, and evolved in the voltameter. 

(390) In order to decide the question whether the points of 
action were, where the liquid, gas, and platinum met, or whether the 
gases entered into solution first, and were then electro-synthetically 
combined by the immersed portion of the platinum, a series of ten 
cells was constructed in which the platinum reached only to half the 
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height of the tubes. This was charged with oxygen and hydrogen, 
so that the liquid just covered the extremities of the platinum. 
Here, it is evident that the gases must enter into solution before the 
platinum could affect them, and the result was that a highly sensitive 
galvanometer was but slightly affected, but when a little gas was 
added so as to expose the platinum to a gaseous atmosphere, a con- 
siderable current was developed, proving that it is at the exposed por- 
tion of the platinum plate that the real work of the battery is carried on. 

(391) The analogy of the hydrogen tube to the ziqc plate of an 
ordinary voltaic battery was beautifully shown by arranging a single 
pair with oxygen and hydrogen, and a second pair with hydrogen in 
one tube, and dilute sulphuric acid in the other ; the oxygen of the 
first was metallically connected with the hydrogen of the second, and 
the hydrogen of the first with the liquid of the second hydrogen gas 
immediately rose from the platinum. In short, though it required 
four pairs to decompose water with immersed platinum elec- 
trodes, yet the platinum in the atmosphere of hydrogen being 
analogous to an oxidable anode, one pair was with this assist- 
ance sufficient to decompose w'ater. The analogy of the gaseous 
and metallic voltaic batteries was further shown by charging 
three cells alternately wdth hydrogen and nitric acid; water was 
decomposed, the gaseous hydrogen deoxidizing the nitric acid in this 
arrangement, just as nascent hydrogen does in the metallic battery. 
A battery of two cells charged with hydrogen and dilute sulphuric 
acid was powerless in an atmosphere of pure nitrogen, a fact 
conclusive against the view which regards hydrogen and water as 
the efficient agents in the gas battery. 

(392) Mr. Grove describes a series of experiments with other 
gases : the following is a general account of his results wdth ten cells 
charged in series. 

Oxygen and protoxide of nitrogen No effect on iodide of potassium. 
Oxygen and deutoxide of ditto . Very slight, soon ceasing. 

Oxygen and olefiant gas . . Very feeble, but continuous. 

tosygen and carbonic oxide . . effects. Slight symptoms 

of decomposing water. 

Oxygen and chlorine . . (Considerable action at first, 

’ ( scarcely perceptible in24 hours. 
Chlorine and dilute sulphuric acid About the same. 

Chlorine and hydrogen . ( Powerful effects. Two ceUs de- 

( composing w'ater. 

Chlorine and carbonic oxide. . ! decomposing 

( water. 

Chlorine and olefiant gas . . Peeble. 
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The most interesting practical result of Mr. Grove’s experiments 
on the gas battery will probably be its application to eudiometric 
purposes. “ Two narrow cubic inch tubes of seven inches long were 
carefully graduated into 100 parts. These were immersed in 
separate vessels of dilute sulphuric acid, and filled with atmospheric 
air exactly to the extreme graduation; the water-mark within the 
tube was examined when exactly at the same level as the exterior 
surface of the liquid : folds of paper were used to protect them from 
the warmth of the hands and thus prevent expansion ; the barometer 
and thermometer were examined, and every precaution taken for 
accurate admeasurement. One of these tubes was left empty, in 
order to ascertain and eliminate from the result the efi'ect of 
solubility. Into the other was placed a slip of platinized platinum 
foil, one quarter of an inch w’ide. This strip of foil was connected 
by a platinum wire with another strip placed in a tube of hydrogen 
and inserted in the same vessel. A.tter the circuit had been closed 
for two days, the liquid was found to have risen in the graduated 
tube 22 parts out of the 100 ; in the tube placed by its side, it had 
risen one division. The tubes ^were allowed to remain several days 
longer, but no further alteration took place. This analysis gives 
therefore 21 parts in 100 as the amount of oxygen in a given portion 
of air.” In these experiments, it must be observed that only a 
single pair of the gas battery can be used, as, if more be employed, 
the electrolyte is likely to be decomposed, and gas added to the 
compound. 

Another useful application of this interesting battery is the means 
which it afibrds of obtaining perfectly pure nitrogen. All the oxygen 
in a given quantity of air may be abstracted, as well as the free 
oxygen contained in the liquid which confines it, and by subsequently 
introducing into the tube a little lime water, the trilling quantity of 
carbonic acid may be removed. 

With respect to the theory of the gas battery, Mr. Grove says : 
“ Applying the theory of Grottlms to the gas battery, we may suppose 
that when the circuit is completed at each point of contact of oxygen- 
water and platinum in the oxygen tube, a molecule of hydrogen 
leaves its associated molecule of oxygen to unite with one of the free 
gas; the oxygen thus thrown off unites with the hydrogen of the 
adjoining molecule of water, and so on, until the last molecule of 
oxygen unites with a molecule of the free hydrogen: or we may 
conversely assume that the action commences in the hydrogen tube.” 

. . . . “ There are one or two other theoretical points as to which the 
gas battery ofiTers ground of interesting speculation; the contact 
theory is one. If my notion of that theory be correct, I am at a loss 
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to know how the action of this battery will be found consistent with 
it, if indeed the contact theory assumes contact as the efficient 
cause of voltaic action ; but admit that this can only be circulated by 
chemical action, I see little difference, save in the mere hypothetical 
expression, between the contact and chemical theories; any con- 
clusion which would flow from the one, would likewise be deducible 
from the other. There is no observed sequence of time in the 
phenomena, the contact, or completion of the circuit, and the elec- 
trolytical action are synchronous. If this be the view of contact 
tlieorists, the rival theories are mere disputes about terms ; if, how- 
ever, the contact theory connects with the term contact an idea of 
force which docs or may produce a voltaic current, independently of 
chemical action, a force without consumption, I cannot but regard it 
as inconsistent with the whole tenor of voltaic facts and general 
experience.” 

Ill a postscript appended to this paper, Mr. Grove details 
some further experiments, the theory of which seems at present 
by no means ck^ar. On repeating the eudiometrical experiment 
already described, with an apparatus in which the external air 
was shut out, it was found, after the expiration of three days, that 
the volume of gas in the air-tube which had previously contracted 
had now iiKjj^edsed and continued to do so. Mr. Grove at first 
believed that nitrogen was decomposed ; he subsequently, however, 
found that the incroase was due to the addition of hydrogen, and 
that in order to obtain the effect with certainty two points were 
essential ; first the exclusion of any notable quantity of atmospheric 
air from solution ; and secondly, great purity in the hydrogen ; it 
hence becomes Accessary in order to ensure accuracy in eudiometric 
experiments, either purposely to use common hydrogen, or to employ 
closed vessels the tubes of which are long and narrow ; and having 
first charged the tubes with hydrogen and atmospheric air, to allow 
these to remain in closed circuit .until all the oxygen is abstrjicted, 
and a little hydrogen added by the electrolytic effect to the residual 
nitrogen ; then to substitute oxygen for the original hydrogen, which 
will in its turn abstract hydrogen frgm the nitrogen, and leave only 
pure nitrogen. This, Mr. Grove says, he has frequently done with 
perfect success. 

The only way at present of accounting for the fact disclosed in 
these last experiments, appears to be, to regard mixed gases as in a 
state of feeble chemical union, the effect being produced by the 
affinity of the nitrogen or carbonic acid for the hydrogen; the 
affinity of the oxygen of the w^ater being balanced between the 
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hydrogen in the liquid and that in the tube, would enable the 
resultant feeble affinity of the nitrogen for hydrogen to prevail. 
Mr. G-rove does not, however, venture a positive opinion ; the fact, 
as he says, “ that gaseous hydrogen should abstract oxygen from 
hydrogen without the latter forming any combination, being so novel, 
that attempted explanation is likely to prove premature.*’ 

(393) The form of gas battery employed by Mr. Grove in his later 
experiments, and which possesses the great advantage of entirely 
preventing <the interfering action of the atmosphere, is shown in 

Fig. 169. In this battery, oxygen and deu- 
toxide of nitrogen gave a continuous current, 
and a permanent deflection of the galvano- 
meter was produced, when a piece of phos- 
phorus was suspended in the nitrogen tube, 
the product being phosphorous acid ; and the 
curious instance was exhibited of the employ- 
ment of a solid, insoluble non-conductor, and 
the existence of a continuous voltaic current, 
and of a true combustion; the combustible 
and the “comburant” being at a distance: 
phosphorus burned by oxygen whidi is sepa- 
rated from it by strata, both ^f water and 
gas, of indefinite length. A current was 
likewise produced by sulphur in nitrogen and oxygen, the sulphur 
being contained in a little capsule of glass that could be heated 
by a small hoop of iron with a handle as shown in the figure, the 
moment the sulphur entered into fusion, the needle of the galva- 
nometer moved, and it continued deflected during the whole time it 
remained in the fused state. Various other substances, such as 
camphor, oil of turpentine, oil of cassia, alcohol, ether, &c., were thus 
tried, and all produced notable voltaic effects, and a field has thus 
been laid open for ascertaining th« voltaic relations and quantitative 
electro-chemical combinations of solid and liquid substances, which 
from their physical characteristics have not hitherto been recognized 
in lists of the voltaic relations of different substances, and conse- 
quently formed to a certain extent a blank in the chemical theory of 
the voltaic pile. • 

(394) Ohm^s law , — In none of the various forms of the hydro- 
electric battery do we obtain in the form of a current the whole of 
the Electricity excited by the chemical action on the positive 
element. The amount of Electricity realized, or, in other words, the 
force of the current, is equal to the sum of the electromotive forces, 
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divided by the sum of^he resistances in the circuit; thus, let F 
denote the actual force of the current, E the electromotive force, 
and B the resistance^ 


F 



By the term electromotive force, is to be understood the cause which 
in a closed circuit originates an electric current, or in an unclosed 
one gives rise to an electroscopic tension. According to the 
chemical theory, it is the affinity between the active metal and the 
element of the liquid compound on which it acts. By the term 
resistance is signified the obstacle opposed to the passage of the 
electric current by the bodies through which it has to pass ; it is the 
inverse of what is usually called their conducting power. 

(395) The different causes which influence the quantity of Electri- 
city obtained in a voltaic circuit have been investigated mathematically 
by Professor Ohm, of Nuremberg ; a translation of whose paper is 
to be found in Taylor’s Scientific Memoirs, vol. ii., and his formulae, 
which have been verified by the researches of Daniell and Wheat- 
stone, may be regarded as the basis on which all investigations that 
have since been made relative to the force of the voltaic current 
have been founded. 

(39G) By increasing the number of elements of a voltaic series 
we increase the tension, urging the Electricity forward, but then 
at the same time we increase the amount of resistance offered by 
the liquid portion of the circuit ; so that, provided in both cases the 
circuit be completed by a, perfect conductor as a stout copper wire, 
we obtain precisely the same results in both cases, the electromotive 
forces and the resistances being increased by an equal amount, for. 


E 7? E • 

nU 

But it is very different when the circuit is closed by an imperfect 

conductor : for a resistance which might weaken to a considerable 

E .... 71 E 

extent -g- might not sensibly diminish > and in accordance 


with this/ we find that when great resistances have to be overcome, 
it is necessary to increase the number of elements in proportion 
to those resistances. 

(397) The resistances to the circulation of available Electricity 
are of a two-fold character. We have first B, the resistance in the 
battery cell, which varies directly with the distance between the 
plates and inversely as the area of the efficient section of the liquid, 
and which Daniell has shown to be the mean of that of the opposed 
faces of the metals ; and we have r, the specific resistance of the 
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conducting wire. The amount of work wl^ch a battery is capable 
of performing may be expressed therefore by the fraction, 

E 

^ — E+T 

In a single circle closed by a good conductor, the value of r nearly 
vanishes, and the force of the current is proportional to tlie super- 
ficies of the metallic elements. In a compound circle, the following 
general formula expresses the force of the current when the circuit 
is completed by a connecting wire : 

w E 

^ = « ED VT~ 

8 +8 

where the other letters signifying the same as before. 

D = The distance between the plates. 

S = The section of the plates in contact with this liquid. 

Z = The length of the conducting wire. 

S = The section of the same. 

a 

n = The number of element. 

This formula leads to the following general law. (Wheatstone, 
PAiZ. Trans, 1843.) 

1". “ The electromotive force of a voltaic circuit varies with the 
number of the elements, and the nature of the metals and liquids 
which constitute each element, but is in no degree dependent on the 
dimensions of any of their parts. 

2°. “ The resistance of each element is directly proportional 
to the distances of the plates from each other in the liquid, and 
to the specific resistance of the liquid; and is also inversely 
proportional to the surface of the plates in contact with the 
liquids.* 

go. u resistance of the connecting wire of the circuit is directly 
proportional to its length, and to its specific resistance, and inversely 
proportional to its action,” 

(398) The method employed by the German electricians for 
measuring the strength of the hydro-electric current, was by ob- 
serving its effect on the magnetic needle, tlie force of the current 
being estimated from the angle of deviation. When the gal- 
vanometer consists merely of a single stout copper wire placed 
immediately under, and parallel to, a common variation needle, the 
force of the current acting on the needle was determined by Kamtz 
to be proportional to the product of the sine into the tangent of the 
angle of declination ; and to save the trouble of making a calculation 
for each experiment, the following table (Peschel’s Elements of 
Physios) was drawn up by Pohl, from which the proportional force 
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of any current may ascertained for any declination given in 
degrees from 1® to 90°. 


Deflec- 
tion of 
Needle. 

Intensity 

of 

Current. 

Deflec- 
tion of 
Needle. 

Intensity 

of 

Current. 

Deflec- 
tion of 
Needle. 

Intensity 

of 

CniTent. 

1 ° 

0*0001 

31 ° 

0*1016 

61 ° 

0-5179 

2 

0 0004 

32 

0-1087 

62 

0*5451 

3 

0*0009 

33 

0*1161 

63 

0-6740 

4 

0*0016 

34 

01238 

64 

0*6049 

6 

0*0025 

35 

0*1328 

65 

0 * 63 g 0 

6 

0*0036 

36 

0*1402 

66 

0*6735 

7 

0*0049 

37 

0*1489 

67 

0-7119 

8 

0-()064 

38 

0*1579 

68 

0*7533 

9 

0*0081 

39 

0*1673 

69 

0*7983 

10 

0*0100 

40 

0*1770 

70 

0-8476 

11 

0*0122 

41 

0*1872 

71 

0 * 9014 . 

12 

0*0145 

42 

0*1978 

72 

0*9608 

13 

00170 

43 

0-2088 

73 

1*0268 

14 

0*0198 

44 

0*2202 

74 

1*1004 

Ift 

0*0228 

45 

0*2321 

75 

1*1833 

16 

0*0259 . 

46 

0*2445 

76 

1*2775 

17 

0*0293 1 

47 

0*2574 

77 

1*3854 

18 

0*0330 ! 

48 

02709 

78 

1*5106 

19 

0*0368 j 

49 

0*2850 

79 

1*6577 

20 

0*0409 ! 

50 

0*2997 

80 

1*8334 

21 

0*0452 ’ 

51 

0*3150 

81 

2*0471 

22 

0*0497 ' 

52 

0*3313 

82 

2*3133 

23 

00544 i 

53 

0*3479 

83 

2*6536 

24 

0*0594 ■ 

54 

0*3653 

84 

3*1061 

25 

0*0647 i 

55 

0*3840 

85 

3*7378 

26 

0*0702 i 

56 

0*4035 

86 

4*6830 

27 

0*0759 1 

57 

0*4239 

87 

6*2551 

28 

0*0819 ; 

58 

0*4455 

88 

9*6133 

29 

0*0882 ! 

59 

0*4683 

89 

18*8034 

30 

0*0948 i 

60 

0*4924 

90 

infinite . 


(399) Ohm determined the intensity of a current by the multi- 
plier, but instead of measuring the declination of the needle, he 
observed tlie amount of torsion of the fine wire by which the needle 
was suspended, the intensity of the current being proportional to 
the number of degrees which the torsion index was moved back. 
Fechner determined the number of oscillations made by the needle 
of a galvanometer placed in the magnetic meridian under the 
influence of the current, the conducting wire intersecting the mag- 
netic meridian at right angles, The intensities of the currents are 
inversely as the squares of the times of the vibrations ; or the 
number of units of time which are required to complete the same 
number of vibrations.” Thus, supposing that the number of vibra- 
tions made by the needle under the influence of a current a in 10 
seconds is made under the influence of another current h in 5 
seconds, then a : h ^ rU : = xi o : = 25 : 100 == 1 : 4. 
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Therefore the intensity of the current h is four times greater than 
that of the current a, Pohl, by following the same method of 
magnetic measurements, arrived at the followmg law, which was 
practically verified by Peschel, viz. ; That the intensities of cur- 
rents of single hydro-electric batteries, in which both electromotors 
present equal surfaces to the exciting fluid, are, c ceteris paribus^ as 
the hiquadrate roots of the areas of the surfaces in action ;** from 
which it follows that to construct a battery, the intensity of whose 
current shall be double that of another given battery, the exciting 
surface of the former must be 16 times greater than that of the 
latter. 

(400) In their verifications of Ohm’s theory, the German and 
Prench electricians adopted Fechner’s method. They first observed 
the oscillations of the needle where no extraneous resistance was 
introduced into the circuit, and they then added a known resistance, 
and again measured the oscillations. Wheatstone adopted a different 
method ; instead of constant^ he employed variable resistances, bring- 
ing thereby the currents in the circuits compared to equality, and 
inferring, from the amount of the resistance measured out between 
two deviations of the needle, the electro-motive forces and resist- 
ances of the circuit according to the particular conditions of the 
experiment. For this purpose he invented an instrument which 
he calls a rheostat ; it consists essentially of two cylinders, one of 
wmod, on which a spiral groove is cut, and round which is coiled a 
long wire of very small diameter, and the other of brass ; by means 
of a handle any part of the wire can be unwound from the w ooden 
cylinder and w'ound on to the brass. The coils on the w^ood cylinder 
being insulated and kept separate from each other by the groove, the 
current passes through the entire length of the wire coiled upon 
that cylinder, but the coils on the brass cylinder not being insulated, 
the current passes immediately from the point of the wire, which is 
in contact with the cylinder, to a spring in metallic communication 
with the wires of the circuit. The efiective part of the length of 
the wire is therefore the variable portion which is on the wooden 
cylinder. The cylinders are six inches in length and inch in 
diameter ; the threads of the screw are 40 to the inch, and the wire 
is of brass i J^th of an inch in diameter. Very thin and badly 
conducting metal is employed in order to introduce a greater I’esist- 
ance into the circuit ; a scale is placed to measure the number of 
coils unwound, and the fractions of a coil are determined by an 
index which is fixed to the axis of one of the cylinders and points to 
the divisions of a graduated scale. 

(401) For measuring very great resistances, as long telegraph 
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wires, or imperfectly conducting liquids, Wheatstone employs a 
series pf coils of fine silk covered copper wire about the of an 
inch in diameter ; two of these coils are 50 feet in length, the others 
are respectively 100, 200, 400, and 800 feet in length. The two 
ends of each coil are attached to short thick wires, fixed to the 
upper faces of the cylinders, which serve to combine all the coils in 
one continuous length. On the upper face of each cylinder is a 
double brass spring, moveable round a centre, so that its ends may 
rest at pleasure either on the ends of the thick wires ifnited to the 
circuit, or may be removed from them and rest on the wood. In the 
latter position, the current of the circuit must pass through the coil, 
but in the former position the current passes through the spring, 
and removes the entire resistance of the coil from the circuit. 
When all the springs rest on the wires, the resistance of the whole 
series of coils is removed ; but by turning the springs so as to intro- 
duce different coils into the fcircuit any multiple of 50 feet up to 
1600 may be brought into it. Wheatstone finds that the resistance 
of the entire 1600 feet is equivalent to 218-880 units of resistance, 
or feet of the standard wire (diameter *071 of an inch). He also 
sometimes employs six other coils, each containing 500 yards of wire. 
The reduced length of this series is above 233 miles of the standard 
wire, and by combining this series of coils with the preceding, he is 
able to measure resistances equal to 274 j miles. For measuring 
comparatively small resistances, Wheatstone employs a cylinder 10^ 
inches in ^ength, and 3^ in diameter, round which is wound 108 coils 
of a copper wire -i^oth of an inch thick, any part of which can, by 
turning the cylinder, be included in the circuit' j but the thickness, 
length, and material of the wire may be varied according to the 
limits of the variable resistance required to be introduced into the 
circuit, and the degree of accuracy with which -these changes are 
required to be measured. This form of rheostat may be usefully 
employed as a regulator of a voltaic current in order to maintain for 
any required length of time precisely the same degree of force, or to 
change it in any required proportion. It would serve as a regulator 
for an electro-magnetic engine. In Yolta-typing operations the 
advantage of using the rheostat is obvious, by varying it from time 
to time so as to keep the needle of the galvanometer (which should 
consist of a single thick plate or wire, making a single convolution) 
to the same point, a current of any required degree of energy may 
be maintained without any notable increase or diminution, for any 
length of time. These two forms of the rheostat are shown in Figs. 
170,171; Fig. 170 being the instrument employed for great re- 
sistances, and Fig. 171 that used when the resistances arc smaller. 
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Fig. 170. 



Fig.lTL 



(402) By means of his rheostat^ Wheatstone has shown that the 
number of turns of the cylinder requisite to reduce the needle of 
the galvanometer from one given degree to another, is an accurate 
measure of the electromotive force of the circuit. He has also 
proved that similar voltaic elements of various magnitudes conform- 
ably to theory, have the same electromotive force ; that the electro- 
motive force increases exactly in the same proportion as the number 
of similar elements arranged in series ; and that when an apparatus 
for decomposing water is placed in the circuit, an electrometive force 
opposed to that of the battery is caDed into action, which is constant 
in its amount, whatever may be the amount of the number of 
elements of which the battery consists. The electromotive forces of 
Voltaic elements formed of an amalgam of potassium with zinc, 
copper, and platinum, a solution of a salt of the electro-negative 
metal being the interposed liquid, are given : the last combination is 
one of great electromotive energy, and when a voltameter is inter- 
posed in the circuit, it decomposes water abundantly. A still more 
energetic electromotive force is exhibited by a voltaic element, con- 
sisting of amalgam of potassium, sulphuric acid, and a plate of 
platinum covered with a film of peroxide of lead. A series of 10 
such elements being equal to 33 of DanieU’s, or 60 of Woll|iston’s 
cells. 
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CHAPTER Vin. 

EFFECTS OF THE VOLTAIC CTJBEENT. 

Luminous, thermal, magnetic, and physiological phenomena. 

(403) On comparing the Electricity of the Voltaic battery with that 
of the Electrical battery, we find a difference between the two which 
may be expressed in the three following particulars : — 1®. The 
intensity of voltaic Electricity, as compared with statical, is exceed- 
ingly low : 2®. The quantity of Electricity set in motion by the 
smallest voltaic circle is almost infinitely greater than that from the 
electrical machine ; indeed, it has been shown by Faraday (JExp. 
Resear. ^ 371, et seq.) that two wires — one of platinum and one of 
zinc, each one-eighteenth of an inch in diameter — placed five- 
sixteenths of an inch apart, and immersed to the depth of five-eighths 
of an inch in acid, consisting of one drop of oil of vitriol and four 
ounces of distilled water, at a temperature of about 60®, and con- 
nected at the other extremities by a copper wire, eighteen feet long 
and one-eighteenth of an inch thick, yield as much Electricity in 
eight beats of a watch, or tI-o of a minute, as an electrical battery, 
consisting of fifteen jars, each containing 184 square inches of glass, 
coated on both sides, and charged by thirty turns of a fifty-inch plate 
machine ; 3®. While the discharge of the electrical battery is instan- 
taneous ; in the voltaic battery a current circulates in an uninter- 
rupted and continuous stream, although the wire uniting the opposite 
ends is constantly tending to restore the electric equilibrium. 

(404) In considering the effects of voltaic Electricity, it will be 
convenient to do so in relation to these three circumstances, as con- 
trasting it with ordinary Electricity. In a former chapter it has 
been shown, that a piece of glass or sealing wax rubbed with flannel, 
and held near the cap of the gold-leaf electroscope, causes an imme- 
diate divergence of the leaves ; but the largest calorimotor that has 
ever been constructed is incapable of producing an equal effect: 
indeed, it is only by the application of the condenser that any indi- 

X 2 
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cations of Electricity can be obtained from it but with a battery of 
many pairs tbe effect is very distinct, though water be the sole 
exciting agent, as we have already seen (340). And it matters not 
what the size of the plates may be ; pairs of copper and zinc, one 
quarter of an inch square, being quite as effectual as plates four 
inches square, numerous alternations being the only requisite. Here 
then we see a remarkable difference between the simple and the 
compound voltaic circle, and between quantity and intensity. From 
the largest calorimotor that was ever constructed, we can obtain no 
direct shock, and only feeble electro-chemical effects, while thirty or 
forty pairs of zinc and copper, four inches square, excited by the 
same acid, will diverge gold leaves, give shocks, and decompose 
acidulated water very rapidly : in general terms it may be stated, 
codteris jparihus^ that the quantity of the electric current bears a 
relation to the size of the plates, and the intensity to the number of 
the alternations, 

(405) Thermal and luminous phenomena . — The wonderful heating 
powers of an extensive voltaic battery, and the intense light emitted 
between charcoal points, were noticed in the last chapter (363). In 
the Proceedings of the Electrical Society (4to. volume), a series of 
experiments performed with a sulphate of copper battery, consisting 
of 160 cells, are detailed. The deflagration of mercury is described 
as most brilliant; and the length of the flame between charcoal 
points, was three-fourths of an inch. Zinc turnings were speedily 
deflagrated, and their oxide was seen floating about the room. In 
these experiments, the following interesting result was first obtained : 

♦ With the aid of the electroscope shown in Fig. 172, constructed by Mr. 

Oassiot, tbe Rev. Charles Pritchard {Phil. Trans, 
1844) obtamed signs of tension in a single cell 
excited by dilute sulphuric acid with platinum 
and zinc. A is a glass vessel, the stern of which 
is well coated with lac ; B B’ two copper wires 
passing through glass tubes and corks ; I) D" gilt 
discs, each about two inches in diameter, attached 
to the wires ; P a copper plate, with a wire passing 
through a glass tube ; to the end of the wire is 
attached a narrow slip of gold loaf L. The discs 
must be adjusted with care, so as to allow the 
leaf to be equidistant from each. If B is con- 
nected by a wire attached to the platinum, and B’ to another wire attached to 
the zinc of a single cell of the nitric acid batteiy insulated on a plate of lac, and 
an excited glass rod is approximated very gradually towards the plate P, the gold 
leaf will be attracted to B’, or the disc attached to the zinc; and if excited 
resin is approximated in a similar manner, the gold is then attracted to B or the 
disc attached to the platinum. 


Fig. 172. 




THEBMAL AND LUMINOUS PHENOMENA. 909 

When the ends of the main wires were placed across each other (at 
about one or two inches from their extremities, not touching, but 
with an intervening stratum of air, the striking distance through 
which the Electricity passed, producing a brilliant light), that wire 
connected with the positive end of the battery became red-hot from 
the point of crossing to its extremity. The corresponding portion 
of the other wire remained comparatively cold. The wires were 
removed from the battery : that which had been made the positive 
was made the negative, and that which had been negative was made 
positive. The results were still the same ; — the ^oeitvie wire becom- 
ing in all cases heated from its end to the point of crossing, and 
finally bending beneath its own weight. When a piece of sulphuret 
of barium was placed on the table, with one wire resting on it, upon 
bringing the other to within the striking distance, the portion conti- 
guous to the wire was fused, but could not be collected. When 
sulphuret of lead was similarly placed, the metal was released in 
small quantities, but when sulphuret of antimony was placed in 
circuit the most brilliant effects were obtained. The negative wire 
was firmly held on the sulphuret, and the positive brought to within 
one-eighth of an inch of it, the heat of the flame immediately disen- 
gaged the elements combined with the metal, and they were dissi- 
pated in the form of vapour, leaving a small portion of fused metal in 
a state of intense heat. When the main wires were crossed, and 
their ends placed in two similar jars, containing distilled water, in 
about two minutes the water in the positive cell boiled ; that in the 
otlier presenting no such appearance. On applying a powerful 
magnet the flame from the charcoal points obeyed the known laws of 
electro-magnetism, being attracted or repelled as the case might be, 
or following the motion of the magnet if the latter was revolved. 
But when a powerful horse-shoe magnet was held horizontally with 
its north or marked end uppermost, and the wire from the negative 
side of the battery firmly pressed on the magnet, the positive wire 
being brought to within the striking distance, a brilliant circular 
flame of electrical light was seen to revolve from left to right as the 
hands of a watch. When the position of the magnet was reversed, 
the flame revolved from right to left. The appearance of the flame 
was not unlike that of the brush from the electrical machine received 
on a large surface, only much more brilliant. 

(406) The colour of the light which attends the voltaic disruptive 
discharge varies with the substances between which the discharge 
passes. If thin metallic leaves be employed, they are deflagrated 
with considerable brilliancy. The beautiful eflects are not, however, 
owing to the combustion of the metals, though in some cases in- 
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creased by this cause, but arise from a dispersion of their particles 
analogous to that of the more momentary explosion of the Leyden 
battery. Gold leaf emits a white light, tinged with blue ; silver, a 
beautiful emerald green light ; copper, a bluish white light, with red 
sparks ; lead, a purple ; and zinc, a brilliant white light, tinged with 
red. The experiments may be performed by fixing a plate of polished 
tinned iron to one wire of the battery, and taking up a leaf of any 
metal on the point of the other wire, bringing it in contact with 
the tin plate. Even under distilled water the disruptive discharge 
of the voltaic fiattery takes place in a stream of brilliant light. 

Fig- 178. Mr. De la Sue has contrived the 

arrangement, shown in Fig. 173, for 
submitting metals to the action of 
the voltaic current. It consists of 
two brass columns surmounted by a 
series of holders which move on 
centres, and any two opposed points 
are brought into contact by a rack 

and pinion adjustment. 

(407) The best method of showing the power of the voltaic current 
to heat metallic wire, is to roll about eighteen inches of wire into a long 
spiral, and to place it in the interior of a glass tube, Fig. 174, its ends 
passing through corks, or attached to screws, so as to be readily con- 

Fig. 174. nected with the terminal wires of the battery : by this 
means a high temperature may be communicated to the 
glass tube, though the wire may not be ignited ; and by 
immersing it in a small quantity of water, that fluid may 
speedily be raised to its boiling point. When a wire in the 
voltaic circuit is heated, the temperature frequently rises 
first, or most at one end ; but it was shown by Faraday 
that this depends on adventitious circumstances, and is 
not due to any relation of positive or negative, as respects 
the current. Faraday has also shown {Experimental 
Besearches, 853, note) that the same quantity of Elec- 
tricity which, passed in a given time, can heat an inch of 
platinum wire of a certain diameter red hot, can also 
heat a hundred, a thousand, or any length of the same wire, to the 
same degree, provided the cooling circumstances are the same for 
every part, in all cases. ^ 

(408) It was Lieut.-Gen^al Pasley who first applied the heating 
power of the galvanic battery to a useful practical purpose. While 
engaged in operations on the river Thames, he was written to by Mr. 
Palmer {Smee's Electro-Qnetallurgy, p. 297), who recommended him 
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to employ the galvanic battery, instep of the long fuse then in use, 
and after being put in possession of the method of operating, he 
immediately adopted it, and has since turned it to excellent account 
in the removal of the wreck of the Boyal George at Spithead, as is 
well known. 

(409) The destruction by gunpowder of the Sound Down Cliff on 
the line of the South Eastern Railway, on Thursday, 26th January, 
1843, is a splendid example of the successful application of a scientific 
principle to a great and important practical pui^ose. In this grand 
experiment, by a single blast, through the instrumeiftality of the 
galvanic battery, 1,000,000 tons of chalk were in lesa than five 
minutes detached and removed, and 10,000Z. and twelve months’ 
labour saved. 

The following account is abridged from the Report in the Times 
newspaper : — “ The experiment has succeeded to admiration, and 
as a specimen of engineering skill, confers the highest credit on 
Mr. Cubitt who planned, and on his colleagues who assisted in carry- 
ing it into execution. Everybody has heard of the Shakspeare Cliff, 
it would be superfluous, therefore, to speak of its vast height, were 
not the next cliff to it on the west somewhat higher : that cliff is 
Round-Down Cliff, the scene and subject of tliis day’s operations. 
It rises to the height of 375 feet above high-water mark, and was, till 
this afternoon, of a singularly bold and picturesque character. As a 
projection on this cliff prevented a direct line being taken from the 
eastern mouth of Abbot’s Cliff Tunnel to the western mouth of the 
Shakspear Tunnel, it was resolved to remove, yesterday, no inconsi- 
derable portion of it from the rugged base on which it has defied the 
winds and waves of centuries. Three different galleries and three 
different shafts connected with them, were constructed in the cliff. 
The length of the galleries or passages was about 300 feet. At the 
bottom of each shaft was a chamber 11 feet long, 5 feet high, and 
4 feet 6 inches wide. In each of the eastern and western chambers, 

5.500 lbs. of gunpowder were placed, and in the centre chamber 

7.500 lbs., making in the whole, 18,000 lbs. The gunpowder was in 
bags, placed in boxes : loose powder was sprinkled over the bags, of 
which the mouths were opened, and the bursting charges were in the 
centre of the main charges. The distance of the charges from the 
face of the cliff was from 60 to 70 feet. It was calculated that the 
powder, before it could find a vent, must move 100,000 yards of 
chalk, or 200,000 tons. It was confidently expected that it would 
move one million. 

The following preparations were made to ignite this enormous 
quantity of powder ; — ^At the back of the cliff a wooden shed was 
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constructed, in which three galvanic batteries were erected. Each 
battery consisted of 18 Danieirs cylinders, and two common batteries 
of 20 plates each. To these batteries were attached wires which 
communicated at the end of the charge by means of a very fine wire 
of platinum, which the electric current as it passed over it made red 
hot to fire the powder. The wires, covered with ropes, were spread 
upon the grass to the top of the cliff, and then falling over it, were 
carried to the eastern, the centre, and the western chambers. Lieu- 
tenant Hutchinson, of the Eoyal Engineers, had the command of the 
three batteries, and it was arranged that when he fired the centre, 
Mr. Hodges and Mr. Wright should simultaneously fire the eastern 
and western batteries. The wires were each 1000 feet in length, and 
it was ascertained by experiment that the current will heat platinum 
wire sufficiently hot to ignite gunpowder to a distance of 2,300 feet 
of wire. 

‘‘Exactly at twenty-six minutes past two o'clock, a low, faint, 
indistinct, indescribable, moaning subterranean rumble was heard, 
and immediately afterwards the bottom of the cliff began to belly 
out, and then almost simultaneously about 500 feet in breadth of the 
summit began gradually but rapidly to sink. There was no roaring 
explosion, no bursting out of fire, no violent and crashing splitting 
of rocks, and comparatively speaking very little smoke : for a pro- 
ceeding of mighty and irrepressible force, it had little or nothing of the 
appearance of force. The rock seemed as if it had exchanged its solid 
for a fluid nature, for it glided like a stream into the sea, which was 
at a distance of 100 yards, perhaps more from its base, filling up 
several large pools of water which had been lefib by the receding tide. 
As the chalk, which crumbled into fragments, flowed into the sea 
without splash or noise, it discoloured the water around with a dark, 
thick, inky-looking fluid; and when the sinking mass had finally 
reached its resting place, a dark brown colour was seen on different 
parts of it which had not been carried off the land.” 

(410) The circumstance of so little smoke being seen attendant on 
the combustion of such a prodigious quantity of gunpowder, occa- 
sioned to many a good deal of surprise, and induced a belief that the 
whole of the gunpowder had not been fired ; but when we consider 
that the smoke owes its visibility principally to the solid and finely 
divided charcoal* which is suspended in it, and that in passing 
through such an immense mass of limestone, it must have been JiU 


* The principal gaseous results of the combustion of gunpowder are carbonic 
oxide, carbonic acid, nitrogen, and sulphurous acid ; the solid residue consists of 
carbonate and sulphate of potassa, sulphuret of potassium, and charcoal. 
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tered as it were from this solid matter, our wonder at the absence of 
smoke on this occasion will cease. 

(411) It was first pointed out by Mr. Grove {JPhih Mag, Dec. 
1845 ; Fhil, Trans. 1847) that there is a striking difference between 
the heat generated in a platinum wire by a voltaic current according 
as the wire is immersed in atmospheric air or in other gases. He 
found, by including a voltameter in the circuit, that the amount of 
gas yielded by the battery is in some inverse ratio to the heat 
developed in the wire, and by placing a thermomete,ir at a ^ven 
distance he further showed that the radiated heat was in a direct 
ratio with the visible heat. The following remarkable experiment 
was made. Two glass tubes of precisely the same length and internal 
diameter were closed with corks at each extremity; through the 
corks the ends of copper wires penetrated, and joining these were 
coils of fine platinum wire one-eightieth of an inch in diameter and 
3*7 inches long when uncoiled. One tube was filled with oxygen 
and the other with hydrogen, and the tubes thus prepared were 
immersed in two separate vessels in all respects similar to each other, 
and each containing three ounces of water. A thermometer was 
placed in the water in each vessel, the copper wires were connected 
so as to form a continuous circuit with a nitric acid battery of eight 
cells, each cell exposing eight square inches of surface. Upon the 
circuit being completed, the w'ire in the tube containing the oxygen 
rose to a white heat, w^hile that in the hydrogen was not visibly 
ignited ; the temperature of the water, which at the commencement 
of the experiment was 60® Tahr. in each vessel, rose in five minutes 
in the water surrounding the tube of hydrogen from 60® to 70®, and 
in that containing the oxygen from 60® to 81®. Here then we have 
the same quantity of Electricity passing through two similar portions 
of wire immersed in the same quantity of liquid, and yet in conse- 
quence of their being surrounded by a thin envelope of different 
gases, a large portion of the heat which is developed in one portion 
appears to have been annihilated in the other. Similar experiments 
were made with other gases, and it was found that hydrogen far 
exceeded all other gases in its cooling effect on the ignited wire. 
The following was the order of the gases, both by direct experiment 
and by testing the intensity of ignition by the inverse conducting 
power of the wire as measured by the amount of gas in a voltameter 
included in the circuit. 

Cubic inches of gas evolved in 

Gases surrounding the wire. the voltameter per minute. 

Hydrogen 7-7 

Olefiant gas 7 0 
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Cubic inches of gas evolved in 

Gasses surrounding the vrire. the voltameter per minute. 

Carbonic oxide 6*6 

Carbonic acid 6*6 

Oxygen . 6*5 

Nitrogen 6*4 

(412) Experiments were made by Mr. Grove in order to ascertain 
whether the phenomenon was occasioned by the varying specific heat 
of the media surrounding the wire, but the results were of a negative 
character. It then occurred to him that from the recognized analogy 
in chemical character of hydrogen to the metals, this gas may possibly 
possess a certain conducting power, and thus divert a portion of the 
current from the wire. An experiment, however, with a battery of 
500 cells of the nitric acid arrangement failed to show the slightest 
conducting power either in this gas or in atmospheric air. Neither 
can the cooling effects of different gases be in any way connected 
with their specific gravities, since carbonic acid on the one hand and 
hydrogen on the other, produce greater cooling effects than atmo- 
spheric air ; and olefiant gas, which closely approximates air, and is 
far removed from hydrogen in specific gravity, much more nearly 
approximates hydrogen, and is far removed from air in its cooling 
effect. On the whole, Mr. Grove is inclined to think that although 
influenced by the fluency of the gas, the phenomenon is mainly due 
to a molecular action at the surfaces of the ignited body and of the 
gas. We know that in the recognized effects of radiant heat, the 
physical state of the surface of the radiating or absorbing body 
exercises a most important influence on the relative velocities of 
radiation or absorption : thus black and white surfaces are strikingly 
contra-distinguished in this respect. “ Why,” he asks, “ may not the 
surface of the gaseous medium contiguous to the radiating substance, 
exercise a reciprocal influence ? Why may not the surface of hydro- 
gen be as black, and that of nitrogen as white to the ignited wire ?” 
Mr. Grove thinks this notion to be more worthy of consideration as 
it may establish a link of continuity between the cooling effects of 
different gaseous media, and the mysterious effects of surface in 
catalytic combinations and decompositions by solids such as platinum. 
Whatever may ultimately prove to be the real cause of the cooling 
influence of different gases, it is evident from Mr. Grove’s experi- 
ments, that it is to be referred to some specific action of hydrogen^ as 
the differences of effect of all gases other than hydrogen and its 
compounds, are quite insignificant when compared with the differences 
between the hydrogenous and other gases. Mr. Grove (the tendency 
of whose mind is to make practical applications of the facts disclosed 
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by science) suggests that the experiments now detailed may ulti- 
mately find some beneficial applications in solving the problem ot 
a safety-light for mines . A light which is just able to support 
itself under the cooling effect of atmospheric air, would be extin- 
guished by air mixed with hydrogenous gas ; indeed it is almost 
impossible to obtain the voltaic arc in hydrogen, though in nitrogen, 
which is equally incapable of combining with the terminals, it can 
be obtained without difficulty. 

(413) Fig. 175 represents the appearance presented b^ the voltaic 

Fig. 175. 



fiame between pencils of well-burnt boxwood charcoal, or which 
answers better, between pencils formed of that plumbago-like sub- 
stance found lining the interior of long used coal-gas retorts. The 
arched form of the flame is owing to the ascensional force of the 
heated air. With respect to the charcoal light, it was noticed by 
De la Eive, with a Grove’s battery of forty pairs (Proc. Elect, Soc.), 
that the luminous arc cannot be obtained between two charcoal points 
until after the two points have been in contact, and are heated 
around this point of contact. We may then by separating them 
gradually succeed in having between them a luminous arch an inch 
or more in length. Wood charcoal, which, after having been power- 
fully ignited, has been quenched by means of water, is that which 
gives the most beautiful light, on account of its con- Yig. 176. 
ducting power being increased. Coke, though it 
succeeds as well as charcoal, does not give so brilliant 
and white a light: it is always rather bluish, and 
sometimes red. The transfer of particles of carbon 
from the positive to the negative pole, whilst the 
luminous arch is produced, is evident ; but it is espe- 
cially sensible in vacuo, Fig. 176. A cavity is observed 
to be formed in the point of the positive charcoal, pre- 
senting the appearance of a hollow cone, in which the 
solid cone, formed by the deposition of particles of 
carbon, might penetrate almost exactly. The pheno- 
menon is almost the same in the air, except that the 
accumulation of carbon on the \iegative point is less, 
because a portion of the molecules bums in the transfer; 
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atid the positive point presents only a flat instead of a hollow surface. 
This latter result probably arises from the combustion of the thin 
exterior of the hollow cone, which must be formed in air as well as 
in vacuo. 

It is this more rapid consumption of the positive, than the negative 
carbon which has hitherto been one of the chief difficulties in the 
application of the electric light to practical illumination. Many 
attempts have been made to overcome this difficulty, but the most 
simple, perfect, and portable apparatus are those invented by M. 
Jules Duboscq and by M. Deleuil. The object to be attained is the 
maintenance of the charcoal terminals at a constant distance from 
each other. The lower or positive carbon is in Duboscq’ s lamp pressed 
upwards by a spring, the action of which is regulated by an endless 
screw set in motion by a le'ver, -which is worked by an electro-magnet ; 
this electro-magnet, enclosed in the pillar of tlie lamp, is only active 
-when the circuit is complete, the moment therefore the charcoal 
terminals become separated, its iron keeper is detached, and the 
action of the spring, previously restrained by the screw, is put in 
force, and the carbon terminals are again brought into contact. The 
light is by this means kept tolerably constant. Deleuil’s regulator 
Fig. 177. is shown in Fig. 177. The negative 

carbon N is attached to a metal rod, 
which slides through the ball D witli 
sufficient friction to remain perma- 
nent wherever it may be placed : 
the positive carbon P rises gradually 
by the operation of the voltaic 
current itself, so as to preserve a 
constant interval between N and 
P. The apparatus by which this is 
effected is situated beneath the frames* 
of the instrument, and is show]i 
separately in Pig. 178. A lever. A, 
is attached at one end to the spiral 
B, the other being retained between 
the points of two screw's, so that 
the lever itself has freedom of 
motion vertically, but to a very small 
extent about the pivot L. E is an 
electro-magnet round which the 
battery current circulates. I is a 
steel spring in contact with one of^he teeth of the vertical rod K, 
which carries the positive carbon P. C is an apparatus for regulating 
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tlie spring B. Suppose now Fig. 178. 

the voltaic current to pass with 
its full intensity round the 
electro-magnet E,the armature 
on the lever will be imme- 
diately attracted, the resistance 
of the spiral R will be over- 
come, that end. of the lever 
will descend, and the rod K 
will be restrained or trigged by the spring I: as the distance 
between the ignited carbon N P increases, the current circulating 
round the electro-magnet gradually diminishes, till the force of the 
spiral R predominates ; that end of the lever now rises, and the 
spring I forces the rod K upwards, the carbons are thus again 
brought into contact, the current again circulates round the electro- 
magnet, th^ rod K is again restrained, and in this way a series of 
periodic movements is kept up, the result of which is to keep the 
carbon terminals constantly within the proper distance for the 
passage of the disruptive discharge. To preserve the ignited termi- 
nals from the cooling influence of the external air, they are enclosed 
in a glass cylinder and a metallic reflector R, which may be removed 
at pleasure, is placed behind them. 

Pig. 179 represents the arrangement of Foucault’s experiment of 


Fig. 179. 



throwing the image of the carbon terminals during ignition by means 
of a lens on a screen. It shows in a beautiful manner the gradual 
wearing away of the positive and the increase of the negative carbons. 
The small globules or specs observed on the charcoal arise from the 
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fusion of the minute quantities of silica contained in the coal. When 
the voltaic current is thrown on, the negative carbon first becomes 
luminous, but the light from the positive is afterwards much the 
most intense, and as this is the terminal which wears away, it should 
be somewhat thicker than the other. 

(414) On refiecting on the remarkable difference between the 
heating effects of the positive and negative wires of the voltaic 
battery (405), it occurred to Mr. Grove (Phil, Mag, vol. ivi. p. 478) 
that it might be due to ^he interposed medium, and that were there 
any analogy between the state assumed by voltaic electrodes in 
elastic media, and that which they assume in electrolytes^ it would 
follow that the chemical action at the positive electrode in atmo- 
spheric air would be more violent than that at the negative, and that 
if the chemical action were more violent, the heat would necessarily 
be more intense. 

By experiments performed with an arrangement of thirty-six pairs 
of his nitric acid battery, Mr. Grove established the following 
points : — > 

1°. If zinc, mercury, or any oxidable metal constitute the positive 
electrode, and platinum the negative one, in atmospheric air, while 
the disruptive discharge is taken between them, a voltameter inclosed 
in the circuit, yields considerably more gas than with the reverse 
arrangement. 

2®. In an oxidating medium, the brilliancy and length of the arc 
are (with certain conditions) directly as the oxidability of the metals 
between which the discharge is taken. 

3°. In an oxidating medium the heat and consumption of metal is 
incomparably greater at the anode than at the cathode, 

4". If the disruptive discharge be taken in dry hydrogen, in azote, 
or in a vacuum, no difference is observable between the heat and 
light, whether the metals be oxidable or inoxidable, or whether the 
oxidable metal constitute the positive or negative^electrode. 

5®. The volume of oxygen absorbed by the disruptive discharge 
taken between a positive electrode of zinc and a negative one of 
platinum in a vessel of atmospheric air, is equal to that evolved by a 
voltameter included in the same circuit. 

(415) A remarkable analogy between the electrolytic and disrup- 
tive discharges is here presented, but there are two elements which 
obtain in the latter which have little or no influence on the former, 
viz., the volatility and state of aggregation of the conducting body. 
This was shown remarkably in the case of iron, which in air or in 
oxygen gave a most brilliant voltaic arc, while in hydrogen, or a 
vacuum, with the same power, a feeble spark only was perceptible at 
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the moment of disruption. Mercury, on the other hand, gave a 
tolerably brilliant spark in hydrogen, azote, or a vacuum, and one 
more nearly approaching to that which it gives in air. 

(416) It has been established by Paraday, that in electrolysis, a 
voltaic current can only pass by the derangement of the molecules of 
matter; that the quantity of the current which passes is directly 
proportional to the atomic disturbance it occasions : he deduces from 
this, that the quantity of Electricity united with the atoms of bodies 
is as their equivalent numbers, or in otheiHiVords, that tjie equivalent 
numbers of different bodies serve as the exponents of the comparative 
quantities of Electricity associated with them {Experimental Me^ 
searches, 518, 524, 732, 783, 836, 839). “ Now,” observes Mr. Grove, 
“what takes place in the disruptive discharge? When we see 
dazzling flame between the terminals of a voltaic batterj^ do we see 
Electricity, or do we not rather see matter, detached, as Davy sup- 
posed, by the mysterious agency of Electricity, and thrown into a 
state of intense chemical or mechanical action? IN^tter is un- 
doubtedly detached during the disruptive discharge, and this discharge 
takes its tone and colour from the matter employed. Now, as this 
separation is effected by Electricity, Electricity must convey with it 
eith6r the identical quantity of matter with which it is associated, or 
more or less ; more it can hardly convey, and if less, some portion of 
Electricity must pass in an insulated state or unassociated with 
matter, and some with it.” Mr. Grove proceeded to institute some 
experiments with a view of determining whether the quantity of 
matter detached by the voltaic disruptive discharge was definite for a 
definite current, or bore a direct equivalent relation to the quantity 
electrolyzed in the liquid portions of the same circuit. The great 
difficulties attending such an inquiry defied accurate results; but 
sufficient w’as gathered to afford strong grounds for presumption that 
the separation of matter in the voltaic arc is definite for a definite 
quantity of Electjricity, and that the all important law of Earaday is 
capable of much extension ; and uniting this view with the experi- 
ments of Faraday on the identity of Electricity from different sources, 
and with those of Fusinieri on the statical electrical discharge, it 
would follow as a corollary that every disturbance of electrical equili- 
brium is inseparably connected with an equivalent disturbance of the 
molecules of matter. 

(417) In a paper published in the Transactions of the Eoyal 
Society {Fhil, Trans, part i., 1847), De la Rive has communicated 
some further researches on the voltaic arc, and on the influence 
which magnetism exerts on it, and on bodies transmitting interrupted 
electric currents. The length of the luminous arc has a relation to 
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the greater or less facility with which the substances composing the 
electrodes possess of being se-gregated, a facility which may depend 
upon their temperature diminishing their cohesion, upon their 
tendency to oxi^ze, upon their molecular state, and, lastly, upon 
their peculiar nature. Carbon is one of the substances which pro- 
duces the longest luminous arc, a property which it derives from its 
molecular condition, which renders it particularly friable. When a 
plate of platinum was made the positive electrode to a point of 
platinum, the negative el#trode of a nitric acid battery of fifty pairs 
in rarefied air, a circular spot presenting the appearance of one of 
Nobili’s coloured rings was formed on the plate, the result evidently 
of the oxidation of the platinum : it was not so vivid in ordinary air. 
When the plate was negative, and the point positive, the former 
became covered with a white circular spot formed of a vast number 
of minute grains of platinum, which having been raised to a high 
temperature, remained adhering to the surfece. This also was larger 
in the pneumatic vacuum. With a point of coke negative, and a 
plate of platinum positive, an arc more than twice as long as before 
was obtained, and the light, instead of being a cone, was composed of 
a multitude of luminous jets diverging from different points of the 
plate, and tending to various parts of the point of coke ; the heat was 
also much greater, and the platinum plate was soon perforated. 
With the point of coke positive, and the platinum plate negative, the 
heat was still very great though the arc was less. With a platinum 
plate and zinc point the effects were most brilliant, white oxide of 
the metal being precipitated (in air) upon the platinum plate, and a 
black deposit in the vacuum of the air pump. An iron point gave in 
air a deposit of red oxide, and in rarefied air a deposit of black oxide. 
With a point and plate of copper the arc had a beautiful green colour. 
When mercury was used the luminous effect was most brilliant, the 
metal was excessively agitated, rising up in the form of a cone w^hen 
it was positive, and sinking considerably below the positive point 
when it was negative. 

When the arc is formed, it is those parts of the circuit which 
present the greatest resistance to the current which become the 
hottest. The metal, which is the worst conductor, is the most 
strongly heated. When both the conductors are of the same material 
the development of heat is not uniform, it being much greater on the 
positive side. With a silver positive and platinum negative point, 
the latter becomes incandescent, the silver being much less heated ; 
w ith two silver or two platinum points the positive one alone becomes 
incandescent throughout its whole length. 

In consequence of its good conducting power, a voltaic battery will 
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heat to redness a greater length of silver wire than of platinum ; 
nevertheless, if a compound wire be formed of several alternate links 
of platinum and silver, as shown in Fig. 180, and disposed between 
the poles of a powerful Fig. 180. 

battery, the platinum links 
will become red hot during 
the passage of the current, 
while the alternate silver 
links will remain dark. The 
charge, which passes freely along the silver, meets with* resistance 
enough in the platinum, to produce ignition. 

(418) Influence of magnetism on the voltaic arc , — It was first 
observed by Davy that a powerful magnet acts upon the voltaic arc, 
as upon a moveable conductor traversed* pig. i82. Pig. 181. 
by an electric current; it attracts and 
repels it, and this attraction and repulsion 
manifests itself by a change in the form 
of the arc, which may even become broken 
by too great an attraction or repulsion. 

Fig. 181 represents the voltaic flame be* 
tween two cylinders of plumbago, and 
Fig. 182 the curved form which it assumes under the influence of a 
magnetic pole. 

De la Hive found that an arc cannot be formed between two iron 
points when they are magnetized, unless they are brought very close, 
and then, instead of a quick luminous discharge, sparks fly with noise 
ill all directions, as if the transported particles disengaged themselves 
from the positive electrode with great difficulty. The noise is analo- 
gous to the sharp, hissing sound of steam issuing from a locomotive, 
and this is the case whatever may be the nature of the negative 
electrode. When a plate of platinum was placed upon one of the 
poles of a powerful electro-magnet, and a point of the same metal 
vertically above it, and the voltaic arc produced between the point 
and the plate, the former being positive and the latter negative, a 
sharp hissing sound was heard ; when the conditions were reversed 
the effect was totally different ; the luminous arc no longer maintained 
its vertical direction when the electro-magnet was charged, but took 
an oblique direction, as if it had been projected outwards towards 
the edge of the plate; it was broken incessantly each time, being 
accompanied by a sharp and. sudden noise similar to the discharge 
of a Leyden jar. The direction in which the arc was projected 
depended on that of the current producing it, as likewise on the 
position of the plate on one or other of the two poles. When a copper 
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plate was made the positive electrode on a^pole of the electro-magnet, 
that portion of the surface lying underneath the negative point 
pi^psented a spot in the form of a helix, as if the metal melted in this 
locality had undergone a gyratory motion round a centre, at the 
same time that it was uplifted in the shape of a cone towards the 
point. The curve of the helix was fringed with tufts similar to those 
which mark the passage of positive Electricity in a Leyden jar. 
When the plate was negative, and the point positive, no such marks 
were producet^. With two copper points, the hissing sound was so 
loud, as to hear a resemblance to distant discharges of musketry, but 
for this the magnet was required to be very powerful, and the battery 
power intense. The hissing sound was the result of the easy and 
continuous transport of matter more or less liquefied from the 
positive electrode, while the detonations were probably the effect of 
the resistance opposed by the same matter, to the disintegration of 
its particles when it was not sufficiently heated. 

(419) The magnet causes these effects by producing a change in 
the molecular constitution of the matter of the electrode, or rather in 
the highly diffused patter which forms the voltaic arc. That the magnet 
really does exert a molecular modification of the particles of matter 
subjected to itsinfluenc^, is proved by the sounds produced when electric 
currents are sent through metallic bars when placed on the poles of the 
electro-magnet; bars of iron, tin, zinc, bismuth, and even of lead, emit 
distinct sounds when traversed by a current from five to ten pairs of 
the nitric acid battery, while resting on the pole of a powerful magnet ; 
copper, platinum, and silver bars do the same, and mercury enclosed 
in a tube of glass emits an intense sound. De la Eive also found 
that helices of metals were sonorous, as were dilute sulphuric acid, and 
solution of common salt. It is the opinion of De la Eive that the 
influence of magnetism on all conducting bodies impresses on them, 
as long as it lasts, a molecular constitution similar to that which iron 
and generally all bodies susceptible of magnetism possess naturally. 

(420) Eor experiments on the sounds produced in metallic wires 
by the passage of a voltaic current through or round them, a sounding 
board may be employed on which the wires or rods are kept in a state 
of tension, by a weight of nine or ten pounds ; the electric current may 
be sent through the wires, or through helices of copper wire 
surrounding but not touching them ; the current must not be 
continuous, but broken at regular intervals by means of a mechanical 
contrivance called a commutator. Those metals which are the worst 
conductors give the most pronounced effects, but iron far surpasses 
every other metal, after which comes platinum. The sound given out 
by a well-annealed iron wire, when it transmits the current, is very 
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strong, greatly resembling tbe sound of cburcb bells in tbe distance. 
De la Eive suggests that it might perhaps be advantageously employed 
in the electric telegraph. The tone of the sound varies with the 
velocity with which the discontinuous currents succeed each other ; 
when the succession is very rapid, the sound resembles the noise 
which the wind makes wjien it blows strongly. 

(421) The vibratory motion which results from the magnetization 
and demagnetization of soft iron is ghown by the following beautiful 
experiment. In the interior of a bobbin, or a bottle surrounded with 
a wire rolled into a helix, are placed some very small discs or filings of 
iron ; when the discontinuous current traverses the wire of the helix, 
the discs or filings are seen to be agitated, and to revolve round each 
other in the most remarkable manner, the filings have the perfect 
appearance of being in ebullition ; if the current is intense, they dart 
in the form of jets like so many fountains. The motion of the filings 
is attended with a noise similar to that of a liquid when it is boiling. 

(422) The heating power of the voltaic flame is so intense that 

the most refractory substances succumb to it; platinum, iridium, and 
titanium, which withstand the heat of the most ppwer- 183. 

ful furnace, are readily fused. To exhibit these effects 
a small cavity is bored in the positive gas coke electrode, 
which serves as a crucible. Pig. 183 ; into this the 
metal is placed, and the current is transmitted from a 
battery of not less than twenty of Grove’s or Bun- 
sen’s arrangements, as shown in the figure; the metals 
are not only fused, but are actually converted into 
vapour and disappear. 

(423) The conducting powers of metals, or their capacity' for trans- 
mitting Electricity, have been estimated very differently by different 
experimenters, as will be seen by the following table, in which the 
relative lengths of wires which, with equal diameters, conduct the 
same quantity of Electricity, are expressed in numbers. 



BECQTJEEEL. 


Copper . 

. 100 

Gold 

. 93*6 

Silver 

. 736 

Zinc 

. 28*5 

Platinum 

. 16*4 

Iron 

. 16*8 

Tin . 

. 16*5 

Lead 

. 8-3 

Mercury . 

. 3*45 

Potassium 

. 1'33 


OHM. 


Copper 

. 100 

Gold . . • 

. 57‘4 

Silver 

. 35*6 

Zinc . 

. 33*3 

Brass 

. 28-0 

Iron , 

. 17-4 

Platinum . 

, 17*1 

Tin . 

. 16*8 

Lead . 

. G*7 


DAVT. 


Silver 

. 109*1 

Copper 

. 100* 

Gold 

. 72-7 

Lead 

. 69*1 

Platinum . 

. 18'2 

Palladium 

. 16*4 

Iron . 

. 14*6 


y 2 
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LENZ. AT 32® FAHB. 

Silver . 

. 136-25 

Copper . 

. 100- 

Gold . 

. 79-79 

Tin 

. 30-84 

Brass 

. 29-33 

Iron 

. 17-74 

Lead 

. 14-62 

Platinum 

14-16 


BLISS. 


Silver . 

. 148-74 

Copper . 

. 100-00 

Gold . 

. 88-87 

Cadmium 

. 38-35 

Brass 

. 27-70 

Palladium 

. 18-18 

Iron 

. 17-66 

Platinum. 

. 16-52 

Tin 

. 14-70 

Nickel . 

. 13-16 

Lead 

. 10-32 


POTTILLET. 

Gold . . . 103-5 

Copper . . lOO’O 

Platinum . 22*6 


Cast steel . 

• • 1 18-2 

Mercury . . 2*6 


Harris gives the following order {Trans. Royal Soc. JEdinhurgh,\S^^) 
but does not express the relative conducting powers numerically ; — 
silver, copper, zinc, gold, tin, iron, platinum, lead, antimony, mercury, 
bismuth. His mode of examination was to pass the current from 
the battery through equal lengths and sizes of the respective wires, 
his electro-thermometer (Fig. 94) being included in the circuit ; the 
conducting powers of the metals, which were kept cool by being 
surrounded with cold water, were estimated by the height to which 
the liquid rose in the stem of the instrument. By thus experimenting 
Harris arrived at the following deductions. 

1®. That for certain and given small forces, the differences in the 
conducting powers vanish, each metal being equally eflBcient. 2®. The 
differences in conducting powers become more apparent withfh a 
certain limit as the force of the battery increases. 3^. The principle 
arrived at by Mr. Children, that the heat evolved by a metal whilst 
transmitting a charge is in some inverse ratio of the conducting 
power, is only true in employing charges within the limit of the 
transmitting power, and when the force is great, the best conductor is 
most heated, when less, the inferior conductor. 

(424) Some other results obtained by Harris with his electro- 
thermometer are worth recording. The heat excited in a metallic 
wire by a simple voltaic arrangement is exactly in the inverse ratio oi 
the distance between the plates, and directly as the quantity of metal 
immersed in the exciting liquid. When the wire is very thin, it is 
more heated by a feeble current than a thick one, but with an 
increased power, the thick wire is the most heated, the thin wire 
being unable to transmit the whole of the power. The influence of 
heat in diminishing the conducting power of a metal is shown by 
including a length of about 6 inches in the circuit together with the 
electro-thermometer, and when the liquid is at its greatest height, 
heating it by a spirit lamp, the fluid immediately falls, and continues 
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to descend, as the wire becomes more and more heated ; on removing 
the lamp, and allowing the wire to cool, the liquid recovers its former 
elevation ; when, on the contrary, the wire is artificially cooled by 
pouring ether on it, the effect on the electrometer is increased. A 
wire that is heated to redness- through its entire length by a voltaic 
battery, may be fused by suddenly dipping a portftn of it in cold 
water, which is the common mode of demonstrating the influence 
exerted by heat on the conducting power of metals. With a series 
of 160 cells of the constant battery, Walker was uhable to heat 
platinum wire -^th. of an inch in diameter, though sixty inches of 
th of an inch in diameter were made red-hot. But with the same 
battery arranged in a different manner, thirty-four inches of the 
thicker, and only tw'enty-seven of the thinner were heated. The size 
of the wire heated by a battery depends on the extent of the surface 
of the electro-motive elements, the length heated depends on the 
number of the series, the quantity of Electricity remaining the same. 
This has been verified by Walker, in his experiments with the 
constant battery above referred to (Trans, Elect, Soc, p. 69), and is 
precisely what theory would lead us to expect. Earaday found (Ex, 
liesear, 853, note) that the same quantity of water was decomposed 
by a battery, whether half-an-inch or eight inches of red-hot wire 
were included in the circuit, and he observes that a fine wire may 
even be used as a rough but ready regulator of a voltaic current ; 
for if it be made part of the circuit, and the larger wires communi- 
cating with it be shifted nearer to, or further apart, so as to keep the 
portion of wire in the circuit sensibly at the same temperature, the 
current passing through it will be nearly uniform. 

(425) Magnetic phenomena, — The influence of magnetism on the 
voltaic arc has already been alluded to ; the consideration of the 
mutual relations of the magnetic and electrical forces belongs to 
another division of our subject, and we only refer to them here for 
the purpose of describing some instruments which are much used for 
determining the intensity of hydro-electric currents. These instru- 
ments are called galvanometers or galvano-multipliersy and are founded 
on the important discovery of Oersted, made in the year 1819. The 
fundamental fact observed by this philosopher was, that when a 
magnetic needle is brought near the connecting medium (whether a 
metallic wire, or charcoal, or even saline fluids, of a closed voltaic 
circle), it is immediately deflected from its natural position, and 
takes up a new one, depending on the relative positions of the needle 
and wire. If the connecting medium is placed horizontally over the 
needle, that pole of the latter which is nearest to the negative end of 
the battery always moves westward; if it is placed under ^ the same 
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pole moves to the east. If the connecting wire is placed parallel 
with the needle, that is, brought into the same horizontal plane in 
which the needle was moving, then no motion of the needle in that 
plane takes place, but a tendency is exhibited in it to move in a 
vertical circle, the pole nearest the negative side of the battery being 

depressed when the wire is to 
p jiT the west of it, and elevated when 

^ ^ _ it is placed on the eastern side. 

I , j£ battery current be sent 

I 1^ above and below the needle at 
i i ~ r mr. ^ the same time, but in oppo- 

A site directions, the deflection is 

more powerful, for the current 
traversing the wire above the 
needle conspires equally with the current passing along the wire 
below, to deflect the needle from its natural position, and to bring 
it into a new one, nearer to right angles to the plane of the wire. 

(426) If, instead of simply passing once over and once under the 
needle, the conducting wire be caused to make a great number of 
convolutions, the deflecting power of the current will be propor- 
tionately increased, .and an instrument will be obtained by which 
very feeble currents may. be readily detected. This then is the ‘ 
principle of the galvanometer^ the simplest form of which is shown in 
Pig. 184, but to which, to adapt it to the detection of very minute 
currents, various forms have been given ; in all the convolutions of 
Fig. 185. wire are multiplied, and 

the lateral transfer of Elec- 



tricity prevented by coating it 
with silk or sealing-wax. 

Pig. 185 is a vertical section 
of the torsion galvanometer of 
the late Professor Eitchie. 
The following is his descrip- 
tion of its construction : — 
“ Take a fine copper wire, 
and cover it with a thin 
coating of sealing-wax, roll it 
about a heated cylinder, an 
inch or two in diameter, ten, 
twenty, and any number of 
times, according to the delicacy 
of the instrument required. 
Press together the opposite 
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sides of the circular coil till they become parallel, and about an 
inch, or an inch and a half long. Fix the coil in a proper sole, and 
connect the ends of the wires with two small metallic cups, for 
holding each a drop of mercury. Paste a circular slip of paper, 
divided into equal parts horizontally, on the upper half of the coil, 
and having a black line drawn through its centre, ^nd in the same 
direction with the middle of the coil. Fix a small magnet, made of 
a common sewing needle, or piece of steel wire, to the lower end of a 
fine glass thread, while the upper end is securely fixe^ with sealing- 
wax in the centre of a moveable index, as* in the common torsion 
balance. The glass thread should be inclosed in a tube of glass, 
which fits into a disc of thick plate glass, covering the upper side of 
the wooden box containing the coil and magnetic needle.** (jBhiL 
Tram 1830, p. 218.) 

(4,27) The sensibility of this instrument is very much increased 
by neutralizing the magnetic influence of the earth, by employing 
two needles, which was first done by Professor Gumming of 
Cambridge, and afterwards on an improved principle by Nobili. The 
neutralizing needle in his instrument is attached to the principal 
one ; placing them one above another and parallel to each other, but 
with their poles in opposite directions. They are fixed by being 
passed through a straw, suspended from a thread. The distance 
between the needles is such as to allow the upper coil of the wires to 
pass between them, an opening being purposely 'left, by the separa- 
tion of the wires at the middle of that coil, to allow the middle of 
the straw to pass freely through it. A graduated circle on which 
the deviation of the needle is measured, is placed over the wire, on 
the upper surface of the frame of the instrument, having an aperture 
in its centre for the free passage of the needle and straw. The whole 
of this arrangement will be easily understood, by imagining another 
needle to be suspended to the one above the coil in Fig. 185, moving 
within the wire, and having its poles turned the reverse of those of 
, the upper needle. The instrument as thus constructed is called the 
astatic needle galvanometer. In Nobili’s instrument, the frame was 
twenty-two lines long, twelve wide, and six high. The wire was of 
copper covered with silk, one-fifth of a line in diameter, and from 
twenty-nine to thirty feet in length, making seventy-two revolutions 
round the frame. The needles were twenty-two lines long, three 
lines wide, a quarter of a line thick, and they were placed on the straw 
five lines apart from each other. 

(428) The advantages of Nobili’s instrument consist in the direc- 
tive force, arising from the influence of the earth’s magnetism being 
nearly balanced, and a double rotatory tendency being given to the 
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needles. The lower needle is acted upon by the sum of the forces 
of the currents in every part of the coil, and the upper needle is 
acted upon by the excess of force in the upper current which is 
nearest to it, which force, of course, acts in a direction the reverse 
of that in which it acts upon the lower needle, being situ^ited on the 
opposite side ; but since the poles are also in a reversed position, the 
rotatory tendency becomes the same in both needles. M. Lebailiff 
has extended the principle of Nobili’s galvanometer, by employing 
four needles, tyro within the coil, having their poles similarly situated, 
and one above, and one below, having their poles reversed. He 
likewise employs fiVe parallel wires, each sixty feet long for the coil, 
instead of one length of three hundred feet; by this means the 
current is divided into five parts, and made to fiow through five 
different channels, with the alleged advantage of increasing the 
quantity, and diminishing the intensity of the Electricity ; it is not 
decided whether this is the case, nor is the advantage of employing 
lour needles sufficiently obvious. 

Fig. 186 represents an elegant modification of Nobili’s galva- 
Fig, 186. nometer. The bobbin is surrounded with 

some two or three thousand turns of very tii\p 
and well-insulated copper wire. The needles 
are suspended by a single fibre of bleached 
and baked silk. When the instrument is 
not in use the upper needle rests on 
a graduated card, from which it is raised 
when about to be put in action, by a simple 
mechanical contrivance, at the top of the 
glass shade. The axis joining the two needles 
must be brought exactly in the centre of the 
card, which is easily eftected by means of 
adjusting screws. The upper needle is brought exactly to zero 
of the scale by turning the card, by means of a button, under- 
neath the base of the instrument. A good galvanometer should^ 
not make more than two oscillations a minute, and should return 
exactly to zero. It is almost needless to say, that the table on which 
it stands should contain no iron, and that all iron vessels should be 
removed, as far as possible, from its neighbourhood. It is covered 
with a glass case, to protect it from currents of air-. So exquisite a 
test of the presence of minute quantities of Electricity, is a delicate 
galvanometer, that, by it, Schoenbein (Fog, Ann, xlv. p. 263) was 
able to prove a change in the composition of chloride of cobalt, when 
that salt in solution was changed blue by the Jiction of heat. 

(429) The following illustration of the increase of the power of 
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the current by employing the astatic system, is given by Peschell 
{Elements of Physics, vol. iii. p. 107) : Suppose that the multiplier 
wire wound 333 times, then the original current would act on the 
lower needle with a force of 666, and on the upper with a force of 
333 times, what it would have possessed had the wire made but a 
single circuit ; adding both together, with a force 999, or 1000 times 
as great. Both needles made, with a similar position of theirpoles, 
57 vibrations in a minute, an astatic needle only 5. As the direct- 
ing force of the earth’s magnetism is proportional to the squares of 
these numbers, in the common needle this force will be 3248, and in 
the astatic needle 81 ; in the latter therefore it is 40 times less, and 
by consequence the electric current acts with 40 times the force 
upon it. The deflecting power of the original current will therefore 
be increased by this galvanometer 1000 x 40=40,000 times. The 
two needles in the astatic galvanometer, should be as similar as pos- 
sible, but not of precisely the same magnetic power, a slight degree 
of directive force being necessary in the system, otherwise it would 
remain ih equilibrium in all azimuths. The frame on which the 
wire is wound should not be fixed, but moveable upon an axis, so 
that by a simple mechanical contrivance it may be brought into any 
required position with respect to the needles. ^ 

(430) The sensibility of a galvanometer is judged of by the slow- 
ness of the oscillations" of its magnetic system ; it may be considered 
sufficiently delicate, if they are at the rate of one a minute : but it 
not unfrequently happens that either from too strong a current, 
being sent through the instrument ; — from the contiguity of a mag- 
netic bar ; — from the reaction of the magnetism of the two needles ; 
or from some difference in their dimensions, and the quality of the 
steel ; the galvanometer after a time loses a portion of its sensibility. 
By subjecting the needles to the following treatment, (Matteucci) 
the original delicacy of the instrument may be restored, but the 
operation requires considerable care and tact, and it is not an un- 
usual occurrence, to spend whole days in the arrangement of a galva- 
nometer for a course of delicate experiments. The first thing to be 
done is to note carefully the duration .of an oscillation, then to ascer- 
tain which is the weaker of the two needles, for this purpose ^he 
upper one is first removed ; if now the system remain in its position, 
it is clear that the needle removed is more feeble than the other ; 
if, on the other hand, the needle which remains, returns of itself, it is 
evident that the needle taken away w^as the stronger of the two. 
The weak needle is then re-magnetized by passing a small bar magnet 
a few times along it from end to end, taking especial care not to 
arrest the motion of the bar or to return it on itself: the needle is 
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then returned to its place, and the duration of an oscillation of the 
system again determined ; if it has become greater, a proof is obtained 
that the sensibility of the galvanometer has been increased : should 
too much magnetism have been given to the needle, a portion must 
be taken away by reversing the motion of the magnetising bar along 
it. This is a nice operation and frequently gives a good deal of 
trouble. 

(431) It is usual for the maker of a galvanometer to mark on the 
scale, an indi<*Etion by which the experimenter is enabled to ascertain 
from the direction of the deviation of the needle, the direction of the 
current. For this purpose we find marked on the scale two letters 
A and B, the same two letters are also marked on* the side of the two 
extremities of the galvanometer. By a first experiment, the operator 
determines once for all, by means of a single electro-motive element, 
zinc and copper for instance, to which letter the point of the needle 
is carried according as the current enters into the wire of the instru- 
ment by the extremity A or B ; of course in the single voltaic pair 
the current is from the copper to the zinc. 

(432) Before commencing a series of experiments, the marked in- 
dications of the galvanometer should be verified, which may easily be 
done by plunging the extremities of two wires, platina and copper, 
into distilled water, and allowing the current of Electricity thereby 
determined to pass through the instrument, the direction of the 
current is from the platinum to the copper, through the galvanome- 
ter. 

(433) In his researches in electro-physiology, M. Dubois Reymond 
employed a galvanometer containing 4560 coils of copper wire, and 
he has more recently had an apparatus constructed by M. Sauerwald 
of Berlin, with from 25,000 to 30,000 coils ; with this instrument, be 
detected the existence of electric currents in nerves and in muscles ; 
but to fit it for these delicate investigations, it was necessary to 
make corrections for certain irregularities of action, arising from two 
causes ; firsts from the axes of the needles never being rigorously pa- 
rallel, in consequence of which the system is never accurately in the 
meridian; and second, from the impossibility of obtaining copper 
wi*e absolutely free from iron, the consequence of which is that the 
needle never stands exactly at zero. The correction applied by Dubois 
Eeymond is an improvement of that originally adopted by Nobili, and 
consists in placing in the interior of the galvanometer, facing the 
zero, a small magnetized fragment gV of an inch in length, which com- 
pensates the disturbing action as long as the needles are near zero, 
but the action of which is null, as soon as they move through a few 
degrees. 
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(434) The Sine Galvanometer (Fig. 187), consists of a single 

magnetized needle surrounded with a coil which is moveable on its 
axis ; it acts on the principle that the intensity of the current varies 
as the sine of the angle of deflection^ and is applicable rather to the 
determination of the intensity of strong currents, than to the detec- 
tion of weak ones. The Fig. 187. 

instrument is placed in 
the magnetic meridian, 
and when the needle is 
deflected by the current, 
the coil is turned until 
it again coincides with 
the new direction of the 
needle, the exact paral- 
lellism of the needle and 
coil, being determined with the aid of a lens. The number of degrees 
which it was necessary to turn the coil from the zero point to adjust 
it to the new position of the needle, is read off on the graduated 
scale surrounding the coil. Tliis is the exact measurement of the 
angle which the needle forms with the magnetic meridian, and also of 
the intensity of the current, by which the needle has been deviated ; 
but this is also equal to the horizontal force of terrestrial magnetism, 
in virtue of which, the needle tends to return to the magnetic 
.meridian, and this being equal to the sine of the angle of deflection ^ 
the intensity of the current is of course the same, and its value may 
be determined by reference to a table of natural sines. 

(435) Professor Callan’s sine galvanometer (JBhil, Mag, N, S, 
vol. vii. p. 73), consists of a mahogany circle 2 feet 4 inches in 
diameter, and nearly 2 inches thick, in the circumference of which is 
turned a groove J an inch wide and 3 J inches deep ; of seven concen- 
tric coils of i of an inch copper wire in the groove^ and well insulated 
from each other ; of a strong frame in which the circle is moveable 
on an axis and always kept in a vertical position ; and of a coiqpass- 
box, which, by means of a slide 3 feet long, and at right angles to the 
circle at its centre, may be moved in a direction perpendicular to the 
circle to the distance of 3 feet from it, so that the centre of the 
needle, which is a bar 5^ inches long, will al^^ays be in the axis of the 
coil, and that the line joining the N. and S. points of the compass- 
box will be always parallel to the horizontal diameter of the mahogany 
circle and coil. From this description it is evident that (no matter 
where the compass-box is placed on the slide) the needle is parallel 
to the mahogany circle and coil, or perpendicular to their axis when- 
ever it points to 0°. Hence, if a voltaic current sent through the 
coil deflect the needle, and if the circle and coil be turned round so 
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-as to follow the needle until it points to 0*, the needle, no matter 
where it may be placed on the slide, will then be parallel to the coil 
and perpendicular to its axis. 

The effective part of the earth’s magnetism in impelling the needle 
to the magnetic meridian is also exerted in the direction of a perpen- 
dicular to*the needle or of the axis of the coil, but opposite to that 
in which the magnetic force of the coil acts. Since the needle is 
kept at rest by these two forces acting in opposite directions, they 
must be equAl. But the effective part of the earth’s magnetism in 
impelling the needle to the magnetic meridian varies as the sine of 
the angle which it makes with the meridian ; therefore the magnetic 
power of the current lowing through the coil also varies as the sine 
of the angle which the needle, when it points to 0®, makes with the 
magnetic meridian. If the connection with the battery be broken, 
the needle will immediately return to the magnetic meridian. The 
graduated circle of the compass-box will give the number of degrees 
the needle was deflected from the magnetic meridian. Por measuring 
the angle of deviation, a graduated circle about 13 inches in diameter 
is used ; it is attached to the upper part of the mahogany circle, and 
at right angles to it, and to the axis about which it is moveable. 
When the current is sent through 7 coils, the deflection is so great, that 
only very feeble currents can be measured on the sine galvanometer. 
When the needle is in the centre of the coil, this galvanometer, used 
as a sine instrument, large as is its diameter, is incapable of measuring* 
the power of a current produced by a single circle of the cast iron 
battery : but by/>liding the compass-box and needle 2 or 3 feet from 
the coil, a current of very great power can be measured. 

(436) The Tangent Galvanometer (Figs. 188 and 189) consists of 
a large circle or hoop of copper ribbon covered with silk, fixed verti- 
Fig. 188. 
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cally upon a graduated circle, exactly in the centre of which is placed, 
either by suspension by a silk thread, or on a cap resting on a pivot, 
a very short but intensely magnetized needle. The hoop is placed 
exactly in the magnetic meridian, and when the current is transmit- 
ted through it, the needle deviates, and the force of the current is 
proportional to the tangent of the angle of the needless declination^ 
whence the name given to the instrument. The needle is provided 
transversely with a long light copper needle by means of which the 
angle is measured. This instrument is not so sensitive as the sine 
galvanometer, but is applicable to currents of very high intensity. 
The tangent of the angle of deflection may be learned, without calcu- 
lation, by reference to the table of natural tangents. An instrument 
called the differential galvanometer has been used for the determina- 
tion of the relative force of two currents. It consists of a galvano- 
meter with two perfectly similar wires wound round the same frame ; 
now, if two currents of precisely the same intensity be sent in oppo- 
site directions through these wires the needle will obviously remain 
at zero^ but if one current be more pow^erful than the other, the 
needle will move, indicating the strongest current, and showing by 
the amplitude of the deviation, by how much, the strongest current 
exceeds the weakest. 

(437) Tor the detection of currents of small intensity, such as 
those produced by thermo-electric action, neither of the galvano- 
meters above described is adapted, the length and the thinness of 
the wdre opposing too great a degree of resistance to the passage 
of such feeble forces. The wire for such purposes should make but 
few turns round th^ needle, and should be at least -^Vtli of an inch 
in thickness, or, as Fechner recommends, should consist of a single 
strip of copper, and an astatic needle having the freest possible 
motion. 

(438) A large and very sensible thermoscopic galvanometer was 
invented by Dr,. Locke, professor of chemistry in the medical college 
of Ohio, and by him communicated to the Phil. Mag., in August, 
1837. The object proposed by Dr. Locke in the invention of this 
instrument was to construct a thermoscope so large that its indi- 
cations might be conspicuously seen on the lecture-table by a 
numerous assembly, and at the same time so delicate as to show 
extremely small changes of temperature. Hpw far he succeeded, 
will appear from the following very popular experiment he was 
in the habit of making with it. By means of the warmth of the 
finger applied to a single pair of bismuth and copper discs, there 
was transmitted a suiOScient quantity of Electricity to keep an 
eleven-inch needle weighing an ounce and a half, in a continued 
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revolution, the connexions and reversals being properly made at 
every half turn. 

The greater part of this effect was due to the massiveness of the 
coil which was made of a copper fillet about fifty feet long, one-fourth 
of an inch wide, and one-eighth of an inch thick, weighing between 
four and five pounds. This coil was not made in a pile at the diame- 
ter of the cirde in which the needle revolved, but was spread out, 
the several turns lying side by side and covering almost the whole of 
that circle above and below. It was wound closely in parallel turns 
on a circular piece of board eleven and a half inches in diameter, and 
half an inch in thickness, covering the whole of it except two small 
opposite segments of about ninety degrees each ; on extracting the 
board, a cavity of its own shape was left in which the needle was 
placed. 

The copper fillet was not covered by silk, or otherwise coated for 
insulation, but the several turns of it were separated at their ends by 
veneers of wood just so far as to prevent contact throughout. In 
the massiveness of the coil this instrument is perhaps peculiar, and 
by this means it affords a free passage to currents of the most feeble 
intensity, enabling them to deflect a very heavy needle. The coil 
was supported on a wooden ring furnished with brass feet and 
levelling screws, and surrounded by a brass hoop with a flat glass 
top or cover, in the centre of which was inserted a brass tube for the 
suspension of the needle by a cocoon filament. The needle was the 
double astatic one of Nobili, each part being about eleven inches 
long, one-fourth wide, and one-fortieth in thickness. The lower part 
played within the coil, and the upper one above it, and the thin white 
dial placed upon it, thus performing the office of a conspicuous index 
underneath the glass. For experiments in which large quantities of 
Electricity are concerned, this instrument is quite unfit : but it is 
well adapted to show to a class, experiments on radiant heat with 
Pictet’s conjugate reflectors, in which the differential, or air thermo- 
meter, affords to spectators at a distance but an unsatisfactory 
indication. For this purpose the electrical element necessary is 
merely a disc of bismuth as large as a shilling soldered to a corre- 
sponding one of copper, blackened and erected in the focus of the 
reflector, while the conductors pass from each disc to the poles of 
the galvanometer. With this arrangement the heat of a non- 
luminous ball at the distance of twelve feet will impel the needle 
near 180®, and if the connexions and reversals are properly made will 
keep it in continued revolution. 

(439) We have seen (49) that the lightness and flexibility of 
gold-leaf have rendered that metal highly valuable to the electrician 



ibemonoee’s htdeostatic galvanometeb. 835 

in the construction of instruments for appreciating minute quantities 
of i^tatical Electricity. The same material, with the addition of a 
magnet, may be arranged so as to form probably one of the most 
delicate tests possible^ of the existence and direction of a weak 
galvanic current. . A slip of gold leaf is retained in the axis of a 
glass tube by a metallic forceps at each end, and a strong horse- 
shoe magnet is fixed with its poles on either side of the middle of 
the tube ; on causing the electrical current to pass down the gold 
leaf it will be attracted or repelled, laterally by the poles of the 
magnet, according as the current is ascending or descending. {Cum- 
ming^s Manual of Electro-dynamics,) 

(440) Mr. Sturgeon also describes {Lectures on Galvanism, p. 80) 
an instrument in which a single gold leaf is employed, but instead 
of a magnet a dry electric pile is used : ‘‘ A glass phial has its neck 
cut off* and is perforated on its two opposite sides, for the intro- 
duction of two horizontal wires. These wires are formed into 
screws and work in box-wood necks which are firmly cemented to the 
bottle, with their centres directly over the perforations. Through 
the centre of a wooden cap, cemented to the top of the bottle, passes 
a brass wire tapped at its upper extremely for the reception of a 
metallic plate, and from its lower extremity hangs a very narrow 
slip of gold leaf pointed at its lower end, which reaches just as low 
as the inner balls of the horizontal wires. The bottle stands upon 
and is cemented to a boxwood pedestal. Upon two glass pillars 
fixed to a wooden base is placed horizontally, a dry electric pile, 
consisting of about one hundred pairs, or rather single pieces of zinc 
with bright and dull surfaces. The poles of this pile are connected 
with the two horizontal wires by thin copper wires.** The sensibility 
of this instrument Mr. Sturgeon states to be very great. A zinc 
plate about the size of a sixpence being attached to the upper end of 
the axial wire, on pressing upon it a similar sized copper plate, the 
pendant leaf leans towards the negative ball, and when the copper is 
suddenly lifted up, the leaf will strike ; when the plates are reversed 
the leaf leans towards, and strikes the positive ball. 

(441) Mr. Iremonger describes {Proceedings of the London Elec- 
trical Society^ an ingenious galvanometer on hydrostatic principles. 
“ A small bar magnet is attached to the bottom of an areometer ; this 
apparatus being so weighted that the ball may fioat just below the 
suAice of pure water. Over the proof glass, containing the said 
areometer, is passed a De la Eive*s ring placed rather below the level 
of the lower pole of the magnet. Now, on passing a voltaic current 
through the ring, the magnet and areometer are forced downwards ; 
but at the same time I accompany this motion by a corresponding 
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movement of the ring, by which means the descent of the floating 
apparatus is continued till the electro-magnetic forces are in equili- 
brium with the upward pressure of the liquid. Now, the pressure of 
liquids being simply as their height, the different degrees of any 
equally divided scale attached to this instrument, will be of equal 
value — no slight advantage. The delicacy of the instrument will 
depend on several circumstances, such as the size of the stem of the 
areometer, the strength of the magnet, and also on the length of 
wire and nu^mber of turns in the ring.** Mr. Iremonger gives a 
detailed account of the method of constructing this instrument, for 
which, as it could not be well understood without a drawing, the 
reader is referred to his original paper, in the Proceedings of the Elec- 
trical Society. 

(442) Physiological Effects of Galvanism. — The action of galvanic 
Electricity on the living animal, is the same as that of the common 
electric current, account being taken of the intensity of the one, and 
the duration of the other. When any part of the body is caused to 
form part of the circuit of the voltaic pile, a distinct shock resembling 
that, of a larg (4 electrical battery weakly charged, is experienced every 
time the connection witbithe extremities is made ; and besides this, 
if the pile be a large one, a continued aching pain is frequently felt 
as long as the current is passing through the body, and if the slight- 
est excoriation or cut happen to be in the j)ath of tlie currrent, the 
pain is very severe. The intensity of galvanic Electricity is so low 
that it requires good conductors for its transmission ; unless, there- 
fore, the- skin be previously moistened, it will not force its way 
through the badly conducting cuticle, or outer skin. The most 
eftectual mode of receiving the w^hole force of the battery, is to wet 
both hands with water, or with a solution of common salt* and to 
grasp a silver spoon in each, and then to make the connection 
between the poles of the battery. Another method is to plunge both 
hands into two separate vessels of >vater, into which the extremities 
of the wires from the battery have been immersed. Volta has 
remarked, that the pain is of a sharper kind on those sensible parts 
of the body included in the circuit, which are on the negative side of 
the pile ; this is particularly remarkable wdth the water-battery, and 
the same has been noticed with regard to the pungency of the com- 
mon electrical spark. 

(443) It does not require a voltaic pile to exhibit the effecif of 
galvanic Electricity on the animal, whether living or dead. The 
simple application of a piece of zinc and one of silver to the tongue 
and lips, frequefitly gives rise, at the moment of the contact of the 
metals, to the perception of a luminous flash ; but the most certain 
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way of obtaining this result, is to press a piece of silver as high as 
possible between the upper lip and the gums, and to insert a silver 
probe into the nostrils, while at the same time a piece of zinc is laid 
upon the tongue, and then to bring the two metals into contact. 
Another mode is to introduce some tin foil within the eyelid, so as 
to cover part of the globe of tlie eye, and place a silver spoon in the 
mouth, which must then be made to communicate with the tin foil, 
by a wire of sufficient length ; or, conversely, the foil may be placed 
on the tongue, and the rounded end of a silver probe j^pplied to the 
inner corner of the eye, and the contact established as befi re. This 
phenomenon is evidently produced by an impression communicated 
to the retina or optic nerve, and is analogous to the effect of a blow 
on the eye, which is well known to occasion the sensation of a 
bright luminous coruscation, totally independent of the actual pre- 
sence of light. In the like manner the flash from galvanism is felt, 
w hether the eyes are open or closed, or whether the experiment is 
made in day light or in the dark. If the pupil of the eye is watched 
by another person w hen this effect is produced, it will be seen to 
contract at the moment the metals are brought into contact; a 
flash is also perceived the moment the metals are separated from each 
other. When different metals are applied to different parts of the 
tongue, and made to touch each other, a peculiar taste is perceived’: 
in order • that this experiment should succeed, the tongue must be 
moist ; the effect is materially diminished if it be previously wnped, and 
cannot be produced at all if the surface be quite dry. The qualit}'' of 
the metal laid upon the tongue influences the kind of taste which is 
communicated ; the more oxidablb metal giving rise to an acid, and the 
less oxidable metal to a distinct alkaline taste. Similar differences have 
been observed by Berzelius, with regard to the sensations excited in 
the tongue, by common Electricity directed in a stream upcti that 
organ from a pointed conductor; the taste of positive Electricity 
being acid, and that of negative Electricity caustic and alkaline. 

(444) If the hind legs of a frog be placed upon a glass plate, and 
the crural nerve dissected out of one, made to communicate with the 
other, it w^ill be found on making occasional contacts wdth the 
remaining crural nerve, that the limbs of the animal will be agitated 
at each contact. Aldini, the nephew of the original discoverer of 
galvanism, produced very powerful muscular contraction, by bringing 
a part of a w'arm-blooded and of a cold-blooded animal into contact 
with each other, as the nerve and muscle of a frog, with the bloody 
flesh of the neck of a newly decapitated ox, and also by bringing the 
nerve of one animal into contact with the muscle of another. 

(445) If a crown piece be laid upon a piece of zinc of larger size, 
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and a living leech be placed upon the silver coin, it suffers no incon- 
venience as long as it remains in contact with the silver only, but the 
moment it has stretched itself out and touched the zinc, it suddenly 
recoils, as if from a violent shock. An earth worm exhibits the 
same kind of sensitiveness. The convulsive movements excited in 
the muscles of animals after death, by a powerful galvanic battery, 
are extremely striking if the power is applied before the muscles 
have lost their contractility. Thus, if two wires connected with the 
poles of a battery of a hundred pairs of plates are inserted into tlie 
ears of an ox or sheep, when the head is removed from the body of 
the animal recently killed, very strong actions will be excited in the 
muscles of the face every time the circuit is completed. The con- 
vulsions are so general as often to induce a belief that the animal 
has been restored to life, and that he is enduring the most cruel 
sufferings. The eyes are seen to open and shut spontaneously ; they 
roll in their sockets as if again endued with vision ; the pupils are at 
the same time widely dilated; the nostrils vibrate as in the act of 
smelling; and the movements of mastication are imitated by tlie 
jaws. The struggles of the limbs of a horse galvanised soon after it 
has been killed, are so powerful as to require the strength of several 
persons to restrain them. 

(446) The following account of some experiments made by Dr. 
Ure on the body of a recently-executed criminal, will serve to convey 
a tolerably accurate idea of the wonderful physiological effects of this 
agent, and will be impressive from their conveying the most terrilic 
expressions of human passion and human agony : — 

“The subject of these experiments was a middle-sized, athletic, 
and extremely muscular man, about thirty years of age. He was 
suspended from the gallows nearly an hour, and made no convulsive 
struggle after he dropped; while a thief, who was executed along 
with him, was violently agitated for a long time. He was brought 
into the anatomical theatre of our university about ten minutes after 
he was cut down. His face had a perfectly natural aspect, being 
neither livid, nor tumefied, and there was no dislocation of the neck. 

“ Dr. Jeffray, the distinguished professor of anatomy, having on 
the preceding day requested me to perform .the galvanic experiments, 
I sent to his theatre the next morning with this view, my minor 
voltaic battery, consisting of two hundred and seventy pairs of four- 
inch plates, with wires of communication, and pointed metallic rods 
with insulating handles, for the more commodious application of the 
electric power. About five minutes before the police-officers arrived 
with the body, the battery was charged with dilute nitro-sulphuric 
acid, which speedily brought it into a state of intense action. The 
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dissections were skilfully executed by Mf*. Marshall, under the super- 
intendence of the professor. 

JEonperiment 1. — A large* incision was made id the nape of the 
neck just below the occiput; the posterior half of the* atlas vertebra 
was then removed by bone forceps; when the spinal marrow was 
brought into view, a profuse flow of fluid blood gushed from the 
wound, inundating the floor. A considerable incision was at the 
same time made in the left hip, through the great gluteal muscle, so 
as to bring the sciatic nerve into sight, and a small cut jras made in 
the heel ; from neither of these did any blood flow. The pointed rod 
connected with one end of the battery was now placed in contact 
with the spinal marrow, while the other rod was applied to the sciatic 
nerve ; every muscle of the body was immediately agitated with con- 
vulsive movements, resembling a violent shuddering from cold. The 
left side was most powerfully convulsed. On removing the second 
rod from the hip to the heel, the knee being previously bent, the leg 
was thrown out with such violence as nearly to overturn one of the 
assistants, who in vain attempted to prevent its extension. 

** Experiment 2. — The left phrenic nerve was now laid bare at the 
outer edge of the sternoihyroidem muscle, from three to four inches 
above the clavicle ; the cutaneous incision having been made by the 
side of the sterno-cleido-mastoideus. Since this nerve is distributed 
to the diaphragm, and since it communicates with the heart through 
the eighth pair, it w^as expected by transmitting the galvanic current 
along it, that the respiratory process would be renewed. Accord- 
ingly a small incision having been made under the cartilage of the 
seventh rib, the point of the one insulating rod was brought into 
contact wdth the great head of the diaphragm, w^hile the other point 
was applied to the phrenic nerve in the neck. Tljis muscle, the 
main agent of respiration, was immediately contracted, but with less 
force than was expected. Satisfied from ample experience on the 
living body, that more powerful effects can be produced by galvanic 
excitation, by leaving the extreme communicating rod in close contact 
with the parts to be operated on, while the electric chain or circuit 
is completed by running the end of the wires along the top of the 
plates in the last trough of either pole, the other wire being steadily 
immersed in the last cell of the opposite pole, I had immediate 
recourse to this method. The success of it was truly* wonderful ; 
full, nay, laborious breathing, instantly commenced, the chest heaved 
and fell, the belly protruded, and again collapsed with the relaxing 
and retiring diaphragm. This process was continued, without inter- 
ruption as long as I continued the electric discharges. In the judg- 
ment of many scientific friends who witnessed the scene, this respi- 

2 z 



340 


GALYAKid OR VOLTAIC ELEOTMcITT. 


ratory experiment was peftaps the most striking ever made with 
philosophical apparatus. 

“ Let it also be remembered, that for full half an hour before this 
period, the bbdy had been well nigh drained of its blood, and the 
spinal marrow severely lacerated. No pulsation could be perceived, 
meanwhile at the heart or wrist ; but it may be supposed that but 
for the evacuation of blood, the essential stimulus of that organ, this 
phenomenon might also have occurred. 

Experin^ent 3. — The super-orbital nerve was laid bare in the 
forehead, as it issues through the supra-ciliary foramen in the eye- 
brow ; the one conducting rod being applied to it, and the other to 
the heels, most extraordinary grimaces were exhibited every time the 
electric discharges were made, by running the wire in my hand over 
the edges of the plates in the last trough, from the two hundred and 
twentieth to the two hundred and seventieth pair, thus fifty shocks, 
each greater than the preceding ones, were given in two seconds. 
Every muscle of his countenance was simultaneously thrown into 
fearful action ; rage, horror, despair, and anguish, and ghastly smiles 
united their hideous expression in the murderer’s face, surpassing far 
the wildest representations of a Euseli or a Kean. At this period 
several of the spectators were obliged to leave the room from terror 
or sickness, and one gentleman fainted. 

“ Experiment 4. — The last galvanic experiment consisted in trans- 
mitting the electric power from the spinal marrow to the ulnar nerve, 
as it passes by the internal condyle at the elbow ; the fingers now 
moved nimbly, like those of a violin performer: an assistant, who 
tried to close the fist, found the hand to open forcibly in spite of his 
efforts. When one rod was applied to a slight incision on the top of 
the forefinger, j;he first being previously clenched, the fingers extended 
instantly, and from the convul8i\% agitation of the arm, he seemed 
to point to the different spectators, some of whom thought he had 
come to life. About an hour was spent in these operations.” 

(447) In these experiments the positive wire was always applied 
to the nerve, and the negative to the muscles ; that this is important, 
will appear from the following facts : — 

Let the posterior nerve of a frog be prepared for electrization, 
and let it remain till its voltaic susceptibility is considerably blunted, 
the crural nerves being connected with a detached portion of the 
spine ; plunge the limbs into one glass full of water, and the crural 
nerves, &c. into another glass ; then take a rod of zinc in one hand, 
and a silver tea-spoon in the other, plunge the former into the water 
of the limbs* glass, and the latter into the water of the nerves* glass, 
without touching the frog itself, and gently strike the dry parts of 
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the metals together ; feeble convulsive movements or mere twitching 
of the fibres will be perceived at each contact ; reverse now the 
position of the metal rods, and on renewing the contact between 
them, very lively convulsions will take place, and if the limbs are 
skilfully disposed in a narrow conical glass, they will probably spring 
out to some distance. Or, let an assistant seize in his moistened left 
hand the spine and nervous cords of the prepared frog, and in his 
right a silver rod, and let another person lay hold of one of the limbs 
with his right hand, and a zinc rod in the moist fingers cf the left ; 
on making the contact, feeble convulsive twitching will be perceived 
as before ; now let the metals be reversed ; on renewing the contact, 
lively movements will take place, which become very conspicuous ; if 
one limb be held nearly horizontal, while the other hangs freely down, 
at each touch of the voltaic pair, the drooping limb will start up and 
strike the hand of the experimenter. 

Hence, for the purposes of resuscitating the dormant irritability of 
the nerves, as Dr. Tire remarks, or the* contractility of their subordi- 
nate muscles, the positive pole must be applied to the former and 
the negative to the latter. 

(448) Some interesting researches, on the relation between voltaic 
Electricity and the Phenomena of Life, were published in the Philo- 
sophical Transactions by Dr. Wilson Philip. 

In his earlier researches, he endeavoured to prove that the circula- 
tion of the blood, and the action of the .involuntary muscles, are in- 
dependent of the nervous influence. In a paper, read in January, 
181G, he showed the immediate dependence of the secretory function 
on the nervous influence. The eighth pair of nerves distributed to 
the stomach, and subservient to digestion, were divided by incisions 
in the necks of several rabbits ; after the operation, the parsley which 
they ate remained without alteration in their stomachs, and the ani- 
mals, after evincing much difficulty in breathing, appeared to die of 
suffocation. But w^hen in other rabbits similarly treated, the galva- 
nic power was distributed along the nerve below its section, to a disc 
of silver placed closely in contact with the skin of the animal oppo- 
site to its stomach, no difficulty of breathing occurred. The voltaic 
action being kept up for twenty-six hours, the rabbits were then 
killed, and the parsley was found in as’ perfectly digested a state as 
that in healthy rabbits fed at the same time ; and their stomachs 
evolved the smell peculiar to that of rabbits during digestion. These 
experiments were several times repeated with similar results. 

Thus a remarkable analogy is shown to exist between the galvanic 
energy and the nervous influence, the former of w Inch may be made 
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to supply the place of the latter, so that while under it, the stomach, 
otherwise inactive, digests food as usual. 

(449) Dr. Philip was next led to try galvanism as a remedy in 
asthma. By transmitting its influence from the nape of the neck to 
the pit of the stomach, he gave decided reUef in every one of twenty- 
two cases, of which four were in private practice, and eighteen in the 
Worcester infirmary. The power employed varied from ten to 
twenty-five pairs. 

(450) These results of Dr. Philip have since been confirmed by Dr. 
Clarke Abel, of Brighton (Journ. Sc. ix.) : this gentleman employed, 
in one of his re])etitions of the experiments, a comparatively small, 
and in the other a considerable, power. In the former, although the 
galvanism was not of sufficient power to occasion evident digestion 
of the food, yet the efibrts to vomit and the difficulty of breathing, 
(constant effects of dividing the eighth pair of nerves,) were prevented 
by it. The symptoms recurred when it was discontinued, but 
vanished on its re-application.* “The respiration of the animal,’*’ he 
observes, “ continued quite free during the experiment, except w'hen 
the disengagement of the nerves from the tin foil, rendered a short 
suspension of the galvanism necessary, during their re-adjustment. 
The non-galvanized rabbit wheezed audibly, and made frequent 
attempts to vomit. In the latter experiment, in which greater 
power of galvanism was employed, digestion went on, as in Dr. 
Philip’s experiments.” 

(451) It had been suggested by an eminent French physiologist, 
M. Gallois, that the motion of the heart depends entirely upon the 
spinal marrow, and immediately ceases when the spinal marrow is re- 
moved or destroyed. But Dr. Philip rendered rabbits insensible by a 
blow on the occiput, the spinal marrow and brain were then removed 
and the respiration kept up by artificial means ; the motion of the 
heart and circulation were carried on as usual. When spirit of wine 
or opium was applied to the spinal marrow or brain, the rate ©f cir- 
culation was accelerated. These experiments appear to confute the 
notion of M. Gallois. 

(452) The general inferences deduced by Dr. Philip from his 
numerous experiments are, that Voltaic Electricity is capable of 
efiecting the formation of the secreted fluids when applied to the 
blood, in the same way in which the nervous influence is applied to 
it ; and that it is capable of occasioning an evolution of caloric from 
arterial blood, when the lungs are deprived of the nervous influence, 
by which their function is impeded, and even destroyed ; when diges- 
tion is interrupted by withdrawing this influence from the stomach, 



THEEi^PEUTIC APPLICATIONS. 


343 

these two vital functions are renewei by exposing them to the influ- 
ence of a galvanic trough. “ Hence,” says he, “ galvanism seems 
capable of performing all the functions of the nervous infljience, in 
the economy : but obviously, it cannot excite the fmctiom of animal 
life, imlesa when acting on parts endowed with the vital principled 

Application of Galvanic Electricity to the treatment of diseases. 

(453) The following observations on this subject occur in the 
Cgclopcedia of Practical Medicine, from the pen of Dr. Apjohn : — 

“ There are several diseases incident to the human frame, in which 
the application of galvanism by the hand of a skilful physician, may be, 
and indeed has been, attended with happy results. In asphyxia, for 
instance, whether proceeding from strangulation, drowning, narcotic 
poisons, the inhalation of noxious gases, or simple concussion of the 
cerebral system, it has been applied with success. In all these cases, 
the interrupted current — that is, a succession of shocks — should b^ 
resorted to ; the battery should be pretty powerful, and care should 
be taken that the Electricity be as much as possible confined to the 
nerves, and that it be sent along them in the direction of their rami- 
fications. M. Goudret was the first who proposed galvanism in cases 
of asphyxia produced by concussion of the brain ; he ei^perimented 
on rabbits, which w’ere to all appearance killed by a few violent blows 
inflicted upon the back of the head, and succeeded in recovering 
them perfectly by a succession of shocks continued for half an hour 
from a battery of thirty couples, and transmitted between the eyes, 
nose, and meatus auditorius extemus on the one hand, and diflTerent 
parts of the spine of the animal on the other. The same experiments 
have been repeated by Majendie, Apjohn, and others with perfect 
success, and the former states that he has recovered rabbits as- 
j)hyxiated by submersion in w'ater for more than a quarter of an 
hour. 

In paralytic affections also, which are of a purely functional 
character, or which do not depend upon organic diseases of the 
nervous system, or pressure exercised on any part of it, the agency 
of the pile can be rationally resorted to by the medical practitioner. 
Under this head maybe ranged general or local paralysis,. arising 
from exposure to cold, palsy of the w^rists from the absorption of lead, 
and many varieties of deafness and amaurosis. In all these cases, as 
the nerves are to be stimulated to increased action, an interrupted 
current must be employed. In cases of deafness, to submit the 
auditory nerve to galvanic action, it is sufficient to introduce a wire 
connected wdth one of the poles of a battery into the aflected ear, 
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and the other wire into the opposite ear, the circuit then being 
rapidly broken and completed by an assistant. . 

(4154) J[n amaurosisy the galvanic shock may be transmitted at 
ple^^sure through the ball of the eye, so as to traverse the retina, or 
De confined to those twigs of the first branch of the fifth pair of 
nerves, which ramify on the forehead above the orbit, and upon the 
state of which alone Majendie has shown that gutta serena often 
depends. In aphonia^ the circuit may be completed through the 
organs chiefly ^concerned in the production of the voice, by placing a 
shilling upon the tongue and touching it with the negatiye wire of a 
battery whose other pole is alternately brought into connexion wuth, 
and separated from, different parts of th6 external larynx. 

(455) The following case of a cure of an epil^tic patient by 
galvanic treatment is related by Dr. Pearson (^Bevue Medicale, vol. iii. 
p. 333). The cuticle having been removed by a blister from the back 
of the neck and inner side of one knee, those parts were covered witli 
Ijits of moistened sponge, upon which slips of linen were laid, and 
over all, discs of silver and copper, the former metal being applied to 
the neck, the latter to the knee. The discs were then connected by 
a copper wire and enclosed in a pouch composed of chamois leather, 
so as to be insulated from adjacent parts. This apparatus having 
been applied for six months, the case was cured. It was found to 
continue in action for ten or twelve hours, after which it became 
necessary to clean the plates and renew the pledgets of sponge and 
linen. 

(456) Galvanism, dn the form of the continued current, has also 
been strongly recommended by Dr. Wilson Philip for the treatment 
of what he denominates habitual asthma. His method is to apply a 
disc of silver to the nape of the neck, and another to the epigastric 
region, and then press the positive wire of a galvanic trough, con- 
sisting of from 8 to 16 pairs of 4 inch plates charged with very dilute 
muriatic acid, against the former, and the negative wire against the 
latter : relief usually occurs in from five to fifteen minutes. 

Another application of the galvanic pile is to the coagulating the 
blood within an aneurismal tumour ; this is founded on the discovery 
of Brande, that “ when the wires attached to the extremities of the 
trough are introduced into any animal fluid containing albumen, the 
latter principle separates at the positive pole in a coagulated state.” 
A case in which a perfect cure of an aneurism of the temporal artery 
was eflected by galvanism, is related by M. Petrequin (Comptes 
BendtLSy Nov. 3, 1845). Two needles were thrust into the tumour, 
and the power employed was gradually augmented up to 50 pairs. 
At the end of 12 minutes the throbbing had entirely ceased, and* the 
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aneurism with isochronous pulsations was replaced by a solid and 
indurated tumour. 

(457) Galvanism has also been applied by M. Pravaz {Revue 
Mcdicale, December 1830,) as an escharotic to wounds caused by the 
bites of rabid animals. He details severaP cases in which this 
practice was successful, in one of which the cauterization was not 
resorted to until 54 hours after the reception of the bite. The 
battery he used was of low power, consisting of only two troughs, 
containing between them but fifty pairs of electromotors. The eschar 
was usually detached on the eleventh day, and the cicatrization com- 
pleted on the seventeenth. 

(458) A very curious application of the pile was suggested by 
Prevost and Dumas (Journal de Fhysiologie, tom. iii. p. 207). 
Keflecting on its powers of decomposition, it occurred to them that 
it might be successfully employed for breaking down the materials 
which compose urinary calculi, and that thus the necessity for one of 
the most formidable of surgical operations w^ould be obviated. Their 
idea in fact was to introduce into the bladder a canula containing two 
platina wires carefully insulated from each other, and whose internal 
ends should be brought in contact with the stone, while their 
external extremities were put in connexion wdth the poles of a 
powerful battery. Upon the established principles of electro-chemis- 
try, they expected that it would be resolved into its acids and bases, 
the former assembling at the positive, the latter at the negative pole, 
and that in this way its gradual disintegration w'ould be effected. A 
preliminary experiment made upon a fusible calculus, placed in a 
basin of water, and a second upon a stone of the same kind, intro- 
duced into the bladder of a dog previously injected with tepid water 
gave encouraging results. The former submitted for 8 hours to the 
action of a battery composed of 120 pairs, w as reduced from 92 to 80 
grains, and in 8 additional hours was so disintegrated as to break 
into small crystalline fragments upon the application of the slightest 
pressure. The latter underwent similar changes, and they found 
that no irritating effect whatever was produced upon the bladder, 
however powerful the battery which they employed. The manipula- 
tions are however exceedingly difficult, as may easily be imagined, 
and the proposal has not hitherto been acted on. 

(459) For the medical application of voltaic Electricity, the old 
Cruikshank trough may be employed; the exciting agent being 
dilute sulphuric acid. The mode of application may dificr in difie- 
rent cases ; when it is to be applied on the surface,. the current may 
be transmitted through the medium of sjponges ; or, what is perhaps 
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more convenient, by means of saddles of thin sheet copper covered 
with thick flannel, and saturated with brine, the surface of the skin 
being also well moistened with salt and water. It is sometimes, how- 
ever, desirable to act on parts deeply seated below the surface ; in 
such cases, the following method of M. Sarlandiere may be adopted: 
Needles of steel or platinum are introduced, as in the process of 
acupuncturation, the needles being connected respectively with the 
two opposite ends or poles of the battery. Becquerel considers this 
to be the most efficacious mode of applying Electricity, since it 
permits the operator to act directly on the diseased part. Several 
ingenious “ electro- voltaic” batteries for physiological purposes have 
recently been invented. Pulvermacher’s modification of the pile 
consists of a chain formed of a series of gilded copper and zinc wires 
w^ound closely'* together round pieces of porous wood; to excite it, 
the wood is immersed in vinegar, a sufficient quantity of which is 
absorbed to act on the zinc, the elements of the chain are connected 
by small metallic hooks ; 100 links give a pretty strong shock. 
Stringfellow’s patent pocket battery is an elegant, and, for its size, a 
surprisingly powerful arrangement. Each element consists of a 
strip of zinc about 2| inches long, round which is wound, as closely 
as possible, but not in absolute metallic contact, a coil of flattened 
copper wire forming 30 convolutions. A series of six of these 
elements when excited with w'eak acetic acid gives distinct shocks, and 
decomposes unacidulated water. A set of 22 gives a brilliant spark 
betw^een graphite points, decomposes unacidulated water briskly, and 
gives pretty smart shocks ; and the power is scarcely impaired, 
after half an hour’s action; the battery is charged by drawing a 
small piece of sponge, moistened with distilled vinegar, (one part 
acetic acid to seven parts of water) several times down the centre on 
both sides of each fold ; it is then replaced in its case, not longer 
than a common card-case, and the current applied to any part of the 
body by means of two small metallic discAttached to either pole of 
the battery by elastic cords, 

(460) It was first noticed by Marianini that the force of the 
shock difiers considerably according as the current goes in one direc- 
tion or another ; thus, if a person grasp two conductors connected 
with the poles of an extensive voltaic battery in vigorous action, he 
will experience a much more powerful muscular contraction in the 
arm which is in communication with the negative, than in that 
connected with the positive end ; so also, if the current be passed 
down the arm from the shoulder to the hand, the latter being im- 
mersed in a basin of salt water, a powerful contraction is experienced ; 
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if, however, the current he passed from the hand to the shoulder, the 
contractions are much less violent, and the difference is observed 
most strikingly in paralytic patients. 

(461) The following explanation of these differences is offered by 
Marianini ; — The action of Electricity on the muscles and nerves 
produces two distinct kinds of contractions ; the first, which he 
calls idiopathic, is the result of the immediate action of the 
current on the muscles; and the second, which he calls sym- 
pathetic, arises from the action of Electricity on t^e nerves which 
preside over the motions of the muscles. Now, idiopathic con- 
tractions are necessarily produced in whatever direction the 
current of Electricity passes ; but the occurrence of sympathetic 
contractions must be governed by the direction of the passing current 
— they can only take place when the Electricity is transmitted in 
the direction of the ramification of the nerves; the shocks then, 
experienced when the current is transmitted from the shoulder to 
the hand, are more powerful than those passed in the reverse direc- 
tion, because in the former case the Electricity is transmitted* in the 
direction of the ramifications of the nerves, and in the latter in the 
contrary direction. These facts, which the researches of Matteucci 
confirm and illustrate in a satisfactory manner, will serve as a 
valuable guide to the Electrician in his treatment of cases of paralysis 
by this form of Electricity. 

(462) Majendie and Grapengre^er have paid much attention to 
the curative effects of galvanism in amaurosis and deafness ; the same 
observations, which we made above, respecting the care and ana- 
tomical knowledge requisite for treating such diseases by frictional 
Electricity, apply also here, and perhaps even with greater force. 
Majendie’s usual plan was to employ acupuncturation, making the 
electrical current act directly on the nerves of the orbit of the eye ; 
and in this w’ay he accomplished some remarkable cures. Grapen- 
gresser proceeded in a different manner. He introduced into the 
nose a silver probe connected wdth the positive end .of the battery, 
and touched the region of the frontal nerve, previously well moistened, 
with a wire connected with the negative end. In cases of deafness, 
he used two silver wire conductors, each bent at one end, exactly in 
the direction of the meatus auditorius, and terminating in a small 
knob exactly fitting the auditory canal, which w’^as covered with linen 
and moistened. The current I'unning through the nerves with great 
rapidit}'', is communicated to the auditory nerve, and generally occa- 
sions the sensation either of a loud noise or of a tinkling sound. A 
leeble power must be employed in these cases, and be continued for 
only a few minutes at a time ; as a general rule, the operator should 
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in all cases commence with a weak battery, gradually increasing its 
strength as the case progresses : in cases of paralysis, the battery 
power required frequently rises to 100 pairs. 

(463) The observation was made long since by Humboldt, that a 
a very weak galvanic power was capable of exercising a remarkable 
influence on the secretions from wounds; he found that ivhen a 
simple arc was applied to a blistered surface, the part exposed to the 
most oxidable metal was more irritated than that to which the 
negative plate vias applied. Dr. Golding Bird has made an ingenious 
application of this singular fact to the production oi puriginous sores, 
in the place of the issue and seton. His plan is the following: By 
means of small blisters he raises the skin by effused serum, and 
having snipped it, he applies to the blister from which a permanent 
discharge is required a piece of zinc foil, and to the other a piece of 
silver, the two metals being connected by a wire, and covered with 
a common w^ater dressing and oiled silk. On raising the zinc-plate 
after a few hours, the surface of the skin underneath will have 
assumed a w hite appearance, as if it had been rubbed with nitrate of 
silver : in forty-eight hours a decided eschar will appear, which, still 
keeping on the plates, wdll, at the end of a few days, begin to 
separate at the edges. The plates may then be removed ; the surface 
w^here the silver was applied wdll be found to be completely healed. 
A common poultice may then be applied to the part, and a healthy 
granulating sore, wdth w^ell-define*fl edges, freely discharging pus, Avill 
be left. During the whole process, if the patient complains o<;p ain 
at all, it will always be referred to the silver plate, where, in fact, 
the blister is rapidly healing ; and not the slightest complaint will 
be made of the zinc-plate, w^here the slough is as rapidly forming. 

(404) Dr. Bird is of opinion, that in this method of forming a 
sore the escharotic action is that of the chloride of zinc, which is 
produced by the chlorine set free, by the gali^anic action from the 
chloride of sodium constituting the saline ingredient of the fluid, 
effused on the surfaces of the blisters; and, in illustration of the 
truth of his theory, he instances the. following experiment made by 
Dr. Babington : The doctor took two slices of muscular flesh, and 
placed one between two plates of glass, and the other between plates 
of copper and zinc, binding them together with wire. In the course 
of a few days, the weather being w arm, the flesh between the glasses 
began to putrefy, and soon afterwards was full of maggots; while 
that between the metallic plates remained free from putrescency. A 
remarkable change had, however, occurred ; for on taking off the 
plates the side opposite the zinc-plate was hard, as if it had been 
artificially dried; while that opposed to the copper had become 
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covered with a transparent substance resembling jelly; in fact, 
observes Dr. Bird, the result of the experiment evidently was, that 
the chloride of sodium existing in the flesh had been decomposed, 
the zinc had been acted upon, and a dry, hard compound of chloride 
of zinc and albumen formed on one side of the piece, whilst the soda 
set free oh the, other side had become converted into albuminate of 
soda^ in the form of a gelatinous mass. 
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CHAPTEE IX. 

EFFECTS OF THE HYDRO-ELECTEIC CURRENT. 
(continued.) 

Chemical Phenomena. 


(465) Before entering upon this interesting branch of our subject, 
it will be necessary that we describe the new terms introduced by 
Faraday, and state his reasons for adopting them. According to the 
view's of this philosopher (^Experimental Researches, 518, 524), elec- 
tro-chemical decomposition is occasioned by an internal corpuscular 
action, exerted according to the direction of the electric current, and 
is due to a force either superadded to, or giving a direction to, the 
ordinary chemical affinities of the bodies present. He conceives the 
effects to arise from forces which are internal, relative to the matter 
under decomposition, and not external, as they might be considered 
if directly dependent upon the poles. He supposes that the effects 
are duo to a modification, by the electric current, of the chemical 
affinity of the particles through, or by w hich, that current is passing, 
giving them the power of acting more forcibly in one direction than 
ill another, and consequently making them travel by a series of suc- 
cessive decompositions and recompositions fti opposite directions, 
and, finally, causing their expulsion or exclusion at the boundaries 
of the body under decomposition, in the direction of the c undent, 
and that, in larger or smaller quantities, according as the current is 
more or less powerful. 


Thus, in Fig. 190, the particles 
a a could not be transferred, or 
travel from one pole N, towards the 
other P, unless they found particles 
of the opposite kind, h h, ready to 
pass in the opposite direction ; for 
it is by virtue of their increased 
affinity for those particles, combined 
with their diminished affinity for such as are behind them in their 
course, that they are urged forward ; and when any one particle a. 
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Pig. 191, arrives at the pole, it is excluded or set free, because the 
particle h of the opposite kind, with which it w'as the moment before 
in combination, has, under the super-inducing influence of the current, 
a greater attraction for the particle a\ which is before it in its course, 
than for the particle «, towards which its affinity has been weakened : 
a may he conceived to be expelled from the compound a h, by the 
superior attraction of a' for i, that superior attraction belonging to 
it in consequence of the relative position of a’ h and a, to tlie direction 
of the axis of electric power superinduced by the «urrent. The 
electric current is looked upon by Paraday as an axis of power ^ having 
contrary forces^ exactly equal in amount^ in contrary directions, 

(466) According to Paraday’s views {Experimental Researches, 
518, 524), then, the determining force is not at the so called poUs 
of the voltaic battery, but within the body under decomposition : to 
avoid, therefore, confusion and circumlocution, and for the sake of 
greater precision of expression, he framed the following new terms, 
some of which have since been generally adopted: — 

What are called the poles of the voltaic battery are merely the 
surfaces or doors by which the Electricity enters into, or passes out 
of, the substance suffering decomposition ; Paraday hence proposes 
for them tl^ term electrodes, from rjXsxr^ov and odog a way, meaning 
thereby, the substance, or surface, whether of air, water, metal, or 
any other substance, which serves to convey an electric current into, 
and from, the decomposing matter, and which bounds its extent in 
that direction. 

(467) The surfaces at which the electric current enters and leaves 
a decomposing body, he calls the anode and the cathode ; from ava 
upwards, and hhhg a way, — the way which the sun rises; and xara 
dowmw ards, and odhg a way, — the way which the sun sets. The idea being 
taken from the earth, the magnetism of which is supposed to be due 
to electric currents, passing round it in a constant direction from 
east to ivest,—i£, therefore, the decomposing body be considered as 
placed so that the current passing through it shall be in the same 
direction, and parallel to that supposed to exist in the earth, then 
the surfaces at which the Electricity is passing into, and out of, the 
substance, would have an invariable reference, and exhibit constantly 
the same relations of powers. The anode is, therefore, that surface 
at which the electric current enters : it is the negative extremity of 
the decomposing body ; is where oxygen, chlorine, acids, &c., are 
evolved ; and is against or opposite the positive electrode/ The 
cathode is that surface at which the current leaves the decomposing 
body, and is its positive extremity : the combustible bodies, metals, 
alkalies, and bases, are evolved there, and it is in contact with the 
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negative electrode. Thus, in Fig. 192, if we suppose a current of 
Electricity traversing a wire in the direction of the darts, and enter- 
Fig. 192. ing at E, then, on separating 

• the wires at p, p' would 
become its electrodes : p' 
would be the anelectrode or 
emitting electrode, and p" the 
^ i?' cathelectrode, or receiving 
•electrode; E, being the wire connected with the last active copper 
plate, and W the wire connected with the last active zinc plate of a 
battery ; and if we suppose the chain of small circles to represent 
the fluid under decomposition, A will be its anode and C its cathode. 

(4G8) Compounds directly decomposable by the electric current 
are called electrolyte^^ from ^'Xexr^ov and Xifcj to set free, — to electro- 
lyze a body is to decompose it electro-chemically : the elements of 
an electrolyte are termed ibns^ from participle of the verb slfzty to 
go ; anions are the ions which make their appearance at the anode, 
and were formerly termed the electro-negative elements of the com- 
pound, and cations are the ions which make their appearance at the 
cathode, and were termed the electro-positive elements. Thus, 
chloride of lead is an electrolyte^ and when electrolyzed^\o\\Q^ two 
ions, chlorine and lead, the former being an anion, and the latter a 
cation : water is an electrolyte, evolving likewise two ions, of w hich 
oxygen is the anion, and hydrogen the cation : muriatic acid is like- 
wisc electrolytical, boracic acid, on the other hand, is not. 

(469) Mr. Eaniell proposes further to distinguish the doors by 
w-hich the current enters and departs, by the terms zincode and 
llatinode, the former being the plate which occupies the position of 
the generating plate in the battery, and the latter of the conducting 
plate ; w hen w ater is decomposed, therefore the last particle of 
oxygen gives up its charge to the zincode, and the last particle of 
hydrogen gives up its charge to the platinode, each passing off in its 
owm elastic form. 

(470) Fechner, a distinguished champion of the contact theory (323), 
assumes that the elements of an electrolyte are in opposite electrical 
conditions, as the result of their contact, the same process being car- 
ried on between them as between two electromotors w hen brought into 
contact : before, therefore, the separation of the elements can take 
place by the electric current, the attractive force of the positive pole 
on the negative particle must exceed the force by which it is united 
to the positive particle ; a separation being thus effected, and the 
jDositive partible being repelled, it combines momentarily with the 
negative particle of the second link in the chain of electrolytes, which 
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is itself attracted towards the positive pole, but the overpowering 
action of which quickly again separates it, and thus the influence is 
regularly transmitted, through the entire stratum of the electrolyte 
lying between the poles. The same influence which is assumed to 
emanate from the positive, proceeds also from the negative pole, but 
it acts on the elements in the contrary direction. In this theory, 
electrolysis is maintained by the simultaneous and corresponding 
action of both poles, and the elements of the electrolyte are them- 
selves, from their contact^ exciters of Electricity., » 

(471) The chemical power of the voltaic pile was discovered and 

dicscribed by Messrs. Nicholson and Carlisle, in the year 1800. 
Water was the first substance decomposed. In 1806, Davy com- 
municated to the Eoyal Society his celebrated lecture “ on some 
chemical agencies of Electricity,” and in 1807, he announced the 
grand discovery of the decomposition of the fixed alkalies. The years 
from 1831 to 1840 are marked in science by the publication of the 
masterly researches of Earaday, in which, much that was before unin- 
telligible, has not only been explained and enlightened, but a new 
character has been stamped on electrical, as connected with chemical, 
science. Of these remarkable essays, it has been said, that in point 
of originality of talent and perspicuity, they rank among the first 
efibrts of philosopliy of the age, if indeed they do not surpass all 
others. - 

(472) Wlien water and certain saline solutions are made part of 
the electric circuit, so that a current of Electricity may pass through 
tlu'iTi, they are decomposed, that is, they yield up their elements in 
obedience to certain laws. Abater is resolved into oxygen and 
hydrogen gases, and the acid and alkaline matters of the neutral 
salts, which it holds in solution, are separated, not in an indiscrimi- 
nate manner, but the oxygen and acids are always developed at the 
anode, and the hydrogen and alkaline bases are given off at the^ 
cathode. If pure water be submitted to the action of the current, 
it is decomposed with.great difficulty, in consequence of its bad con- 
ducting power. A greatly increased conducting power is, however, 
given to it by the addition of salts, and particularly by sulphuric 
acid, though that compound is not itself capable of electrolysis. One 
essential condition of electrolysis is liqtiidity : and the current of a 
imwerful battery will be completely Bl%)ped by a film of ice, not 
more than one-sixteenth of an inch in thickness.* To decompose 
acidulated water, it may be confined in a glass tube, sealed hermeti- 
cally at one extremity, and made part of the electrical circuit by 

* Faraday's Experimental Researches, 381, et seq. 
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means of gold or platinum wires, or arranged as in Fig. 193, the 
Fig. 193. wires being about a quarter of an incb apart. 

Wben the tube is about half full of the mixed 
gases, if a spark from the electrophorus (Fig. 
20) be passed between the wires, an explosion 
will take place ; and if care be taken to prevent 
any escape, by the expansion, the tube will be 
re-filled with water, that fluid having been re- 
produced by the explosion. If two glass re- 
ceiving tubes be employed, one over either elec- 
trode, gas will be collected in each ; but that in the 
tube over the cathode will be rather mure than 
double in volume that over the anode, the former being hydrogen and 
the latter oxygen. Now the hydrogen and oxygen gases are to eacli 
other in water exactly as two to one, by volume : and the reason they 
do not appear precisely in this proportion in the electrolysis of that fluid, 
is because oxygen is partially soluble. By referring to Fig. 191 it will 
be immediately seen how it is that there is no visible transfer of the 
oxygen and hydrogen : if the electrodes were several inches apart, 
there would be no appearance of decomposition between them ; the 
oxygen of the atom of water d b\ under the superinducing in- 
fluence of the current, is transferred to the hydrogen h of the second 
atom of water a h : the oxygen of this second atom is in like manner 
transferred to the hydrogen of a third, and so on till the electrode P 
is arrived at, against which the oxygen of the last particle is evolved, 
having nothing to combine wdth. 

Fig. 194. (473) Take a syphon-shaped tube, and placing 

its bent part in a wine glass for support (Fig. 194), 
or on any convenient stand, fill it with the blue in- 
fusion of red cabbage ; then put a few crystals of 
some known salt, such as sulphate of soda, into the 
tube, and electrize the solution. In a short time the 
liquid nearest the cathode of the battery will be- 
come green, indicating the presence of free alkali ; 
and the liquid nearest the anode wdll become red, 
showing that an acid is present ; reverse the direction of the current, 
and the colours will also gfadually be reversed. Thus, sulphate of 
soda is an electrolyte, the ffcion of which is sulphuric acid and the 
cation soda ; and in all salts decomposable by the voltaic current, the 
acid passes to the anode and the base to the cathode. 

(474) If two glasses be taken, both being filled with the blue 
infusion, holding in solution sulphate of soda, and an inverted glass 
tube, in which two platinum wires are sealed, be immersed in each. 
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as shown in Fig. 195, and the two glasses 
connected together by a glass syphon filled 
with the liquid ; on electrizing the solution, 
it will be found that, notwithstanding they 
are in separate vessels, the blue liquor will, 
as before, be turned red and green ; and if 
the experiment be continued sufficiently long, 
the alkali of the salt will be found to have 
p'asscd from P to and the acid from N to 
P, the amd and alkali appearing to traverse 
the syphon in opposite directions. It was 
hence inferred, that under the injluence of 
electrical attraction^ the usual chemical affinities are suspended ; but 
the same explanation which accounted for the phenomenon of the 
decomposition of water, will serve here : a line of particles of sulphate 
of soda extend from one electrode to the other ; and it is by a 
series of decompositions and recompositions that the effect is pro- 
duced. 

(475) Jn various experiments of decomposition, the little form of 
apparatus of which Pig. 196 is a sketch, 
will be found exceedingly useful. It is a 
cell of plate glass, made by cementing 
five pieces together with transparent 
varnish, and supporting them upon a 
wooden foot, in which they are fastened. 

The cell is about five or six inches long, 
and an inch broad, and may be divided into two parts by the 
insertion of the temporary diaphragm a, which is a small frame 
of cane with musliq stretched over it. When^this is in its place, 
a separate electrode may be introduced on each side ,of it ; they 
may most conveniently consist of two pieces of thin platinum foil, 
about four inches long and half an inch broad. 

To show the evolution of chlorine at the anode or positive pole, fill 
the glass cell with w^cak salt and water, acidulated with muriatic acid, 
and coloured blue by a few drops of the sulphuric solution of indigo ; 
then introduce the electrodes. In a few minutes the anodic division 
will be found to lose colour, and will finally become colourless, owing 
to the separation of chlorine, which by its bleaching powers destroys 
the blue of the indigo. 

The presence of uncombined iodine may be demonstrated, by filling 
the cell with a weak solution of starch, to which a little common salt 
and iodide of potassium have been added ; then, on passing the electric 
current through the liquid, the iodine will show itself at the anode by 

A A 2 


Fig. 196. 
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a beautiful blue colour, it being the property of this singular substance 
to strike a hne deep blue colour with starch. 

(476) Pill the cell with a solution of salt to which a few drops of 
yellow prussiate of potash have been added ; introduce into each 
division a plate of iron as an electrode ; the production of a deep blue 
colour in the anodic division while the liquid in the cathodic com- 
partment remains colourless, will prove the oxidation and solution of 
iron at the anode, and the absence of all action at the cathode. In 
the like manlier, pieces of silver and copper, both of which, under 
ordinary circumstances, are readily attacked by dilute nitric acid, may 
be made to resist the oxidizing power of that acid by making them 
the caihelectrodes of a battery. The experiment with copper may be 
made thus : immerse a strip of the metal for a few minutes in the acid ; 
then remove it, and add a slight excess of ammonia ; the production 
of a fine blue colour will announce the presence of copper in solution ; 
now connect the strip of copper metallically with a similar strip of 
zinc, and immerse the pair in the acid ; no blue colour will follow the 
introduction of ammonia into the acid as before, showing the pro- 
tecting action of the zinc, the more oxidizable metal. Thi^ principle 
has received an important practical application, in the manufacture of 
which is called galvanized iron. 

(477) The electro-reduction of the alkaline metals originally accom- 
plished by Davy, with a battery of 100 pairs of six-inch copj)er and 
zinc plates, may be eff'ected with a series of eight or ten cells of the 
nitric acid arrangement in the foilowdng manner ; scoop out a cavity 
in a piece of pure moistened caustic potash or soda, and fill it with 
mercury : lay the alkali on a strip of platinum foil connected with the 
positive pole of the battery, and introduce into the mercury a platinum 
wire in contact with* the negative pole, an amalgam of mercury and 
potassium qf sodium will speedily be formed. In like manner, the 
ammoniacal amalgam may be formed by pouring a little mercury into 
a hole scooped in a lump of sal ammoniac and connecting the mercury 
with the negative, and the moistened sal ammoniac with the positive 
pole. * This is a very striking experiment, the globule of mercury gra- 
dually increasing in size until it extends far beyond the cavity which 
first contained it, and the amalgam is produced more readily and 
copiously, if the mercury be previously combined with a small quantity 
of potassium or sodium. 

(478) By means of the little apparatus shown in Fig. 197, Golding 
Bird (JPhil, Trems, 1837) JPhilosophy, p. 372,) obtained amalgams 
of potassium, sodium, and ammonium, with the feeble current from a 
single Daniell’s pair. 

A glass cylinder, d, 1*5 inch in diameter and 4 inches in length, is 
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Fig. 197. 



closed at one end by means of a plug of plaster of Paris 0*7 inch in 
thickness ; the cylinder is fixed by means of corks. Inside (?,a cylindrical 
glass about eight inches deep and two inches in diameter; a piece of 
copper c, six inches long and three inches wide, having a copper con-, 
ducting wire h soldered to it, is loosely coiled up and placed in the 
small cylinder with the plaster bottom ; a piece of sheet zinc e of 
equal size is also loosely coiled up and placed in the larger external 
cylinder, being furnished, like the copper plate, with a conducting wire 
1. The larger cylindrical glass being then nearly filled with weak 
brine, and the smaller with a saturated solution of sulphate of copper, 
the two fluids bc'ing prevented from mixing by the plaster of Paris 
diaphragm, the apparatus is complete, and will continue to give a 
continuous current of Electricity for some weeks, provided care be 
taken that the fluids in the two cylinders arc maintained at the same 
level. The decomposing apparatus is the counterpart of the battery 
itself. It consists of two glass cylinders, one within the other, the 
smaller one g having a bottom of plaster of Paris fixed into it ; this 
smaller tube is about half an inch wide and three inches long, and is 
intended to hold mercury and the metallic solution submitted to 
experiment ; the external tube in which it is immersed being filled 
with a weak solution of common salt. In the latter, a slip of amal- 
gamated zinc t is immersed for the positive electrode soldered to the 
wire coming from the positive plate of the battery ; whilst for the 
negative electrode a slip of platinum foil fixed to the wire from the 
zinc plate of the battery, passes through a cork fixed in the mouth of 
the smaller tube, and dips into the metallic solution which it contains. 
In about eight or ten hours the mercury becomes swollen to double 
its former bulk, and when quickly poured into distilled water evolves 
hydrogen gas, and the water becomes alkaline. The ammonium amal- 
gam was most easily obtained ; it had a buttery consistence, and when 
immersed in water, slowly gave off hydrogen and yielded solution of 
ammonia. Bird found that the spongy ammoniacal amalgam, though 
it cannot be kept immersed in water even for a few instants without 
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the formation of ammonia, could nevertheless be preserved for weeks 
without change, as long as it was connected with the negative pole of 
the battery ; with the same apparatus Dr. Bird reduced the metals 
from solutions of chloride or nitrate of iron, copper, tin, zinc, hismuth, 
antimony, lead, and silver. Bismuth, lead, and silver\ were beautifully 
crystalline ; the latter of dazzliflg whiteness, and usually under the 
form of needles. He also obtained silicon, from a solution of chloride 
of silicon in alcohol. 

Aluminiunt ejidi silicium have recently been obtained by weak elec- 
tric actions by Mr. Goze (Phil. Mag. March 1854 ;) the former was 
reduced from the chloride, by placing a dilute solution of the salt into 
a jar and immersing in the liquid a porous earthenw are pot containing 
dilute sulphuric acid ; a plate of amalgamated zinc was plunged into 
the acid, and a corresponding plate oi copper into the chloride, the 
plates being connected by an arc of copper wire. After some hours 
the copper plate became covered with a lead-coloured deposit of 
aluminium, which when burnished, possessed the same degree of 
w^hiteness as platinum, and did not appear to tarnish readily by 
immersion in cold water, or in the atmosphere, but was acted upon by 
dilute sulphuric and nitric acids. Silicium was reduced from a solution 
of monosilicate of potash, prepared by fusing one part of silica, with 
2\ parts of carbonate of potash ; the same voltaic arrangement w^as 
adopted as before, except that a small jmir of Smee’s batteries was 
interposed in the circuit ; with a very slow and feeble action of the 
battery the colour of the deposited metal was much wdiiter than 
that of aluminium, closely approximating to that of silver. 

(479) The following classification of the elementary substances by 
Berzelius, though not altogether derived from experiment, and there- 
fore subject to correction and modification, is useful as indicating tlie 
electrical tendencies of a large number of bodies. In the list of 
negative substances, each element is to be considered as negative to 
all helow and positive to all above it in the list, and the same applies to 
the list* of positive substances. The elements are, therefore, nega- 
tive and positive only in relation to each other. Thus, supposing a 
compound of oxygen and chlorine to be electrolyzed, the oxygen 
would go to the positive and the chlorine to the negative electrode ; 
but if the compound were composed of chlorine and phosphorus, 
then the chlorine would go to the positive and the phosphorus to the 
negative electrode. — 

I. ELECTRO-NEGATIVE ELEMENTS. 

1. Oxygen. 4. Chlorine. 

2. Sulphur. ^ 5. Iodine. 

3. Nitrogen. 6. Fluorine. 
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7. Phosphorus. 

8. Selenium. 

9. Arsenic, 

10. Chromium. 

11. Molybdenum. 

12. Tungsten. 

13. Boron. 

14. Carbon. 


15. Antimony, 

16. Tellurium. 

17. Columbium. 

18. Titanium. 

19. Silicon. 

20. Osmium. 

21. Hydrogen. 


II. ELECTEO-POSITITE BODIES. 


1. Potassium. 

2. Sodium. 

3. Lithium. 

4. Barium. 

5. Strontium. 
G. Calcium. 

7. Magnesium. 

8. Glucinum. 

9. Yttrium. 

10. Aluminium. 

11. Zirconium. 

12. Manganese. 

13. Zinc. 

14. Cadmium. 

15. Iron. 


16. Nickel. 

17. Cobalt. 

18. Cerium. 

19. Lead. 

20. Tin. 

21. Bismuth. 

22. Uranium. 

23. Copper. 

24. Silver. 

25. Mercury. 

26. Palladium. 

27. Platinum. 

28. Rhodium. 

29. Iridium. 

30. Gold. 


(480) A substance cannot be transferred in the electric current 
beyond the point wliere it ceases to find particles with which it can 
combine; and it cannot be too strongly impressed, that electno- 
chemical decomposition does not depend upon any direct attraction 


or repulsion exerted by the metallic termina- 
tions either of the voltaic battery, or of the 
ordinary electrical machine. The beautiful 
experiments of Paraday, in which air was 
shown to act as a pole, have been quoted (213) ; 
in the following equally beautiful experiments 
{Faraday's Fxp, Researches^ 494), the decom- 
position of sulphate of magnesia against a 
surface of water, is most satisfactorily shown. 

(481) A glass basin, four inches in diameter, 
and four inches deep, had a division of mica, 

Pig. 198, fixed across the upper part, so as 
to descend oije inch and a half below the 


Fig. 198. 
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edge, and to be perfectly water-tight at the sides. A plate of 
platinum, 5, three inches wide, was put into the basin on one side of 
the division a, and retained there by a glass block below, so that any 
gas produced by it in a future stage of the experiment, should not 
ascend beyond the mica, and cause currents in the liquid on that 
side. A strong solution of sulphate of magnesia was carefully poured 
without splashing into the basin until it rose a little above the lower 
edge of the mica division a, great* care being taken that the glass or 
mica, on the uTxOccupied or c side of the division in the figure, should 
not be moistened hy]agitation of the solution above the level to which 
it rose. A. thin piece of clean oork, well wetted in distilled w ater, 
was then carefully and lightly placed on the solution at the c side, 
and distilled water poured gently on to it, until a stratum,, the eighth 
of an inch in thickness, appeared over the sulphate of magnesia. All 
was then left for a few minutes, that any solution adhering to the 
cork might sink qway from it, or be removed from the water on 
which it now floated ; and then more distilled w*ater w*aB added in a 
similar manner, until it reached nearly to the top of the glass. In 
this way, solution of the sulphate occupied the lower part of the 
glass, and also the upper on the right-hand side of the mica ; but on 
the left-hand side of the division, a stratum of w^ater from c to d, one 
inch and a half in depth, reposed upon it, the two presenting, w hen 
looked through horizontally, a comparatively definite plane of contact. 
A second platinum pole, e, was arranged so as to he just under the 
surface of the water, in a position nearly horizontal, a little inclina- 
tion being given to it, that gas evolved during decomposition might 
escape. The part immersed was three inches and a half long by one 
inch wide ; and about seven-eighths of an inch of water intervened 
between it and the solution of sulphate of magnesia. 

(482) The latter pole, e, was now connected with the negative end 
of a voltaic battery, of forty pairs of plates, four inches square ; 
whilst the former pole, 6, was connected with the positive end. 
There was action and gas evolved at both poles ; but, from the inter- 
vention of the pure water, the decomposition was very feeble, com- 
pared. to what the battery would have effected in an uniform solution. 
After a while (less than a minute), magnesia also appeared at the 
negative side. It did not make its appearance at the negative metallic 
pole^ hut in the water ^ at the place where the solution and the water 
met ; and on looking at it horizontally, it could be there perceived 
lying in the water upon the solution, not rising more than a fourth 
of an inch above the latter; whilst the water between it and the 
negative pole was perfectly clear. On continuing the action, the 
bubbles of hydrogen, rising upwards from the negative pole, im- 
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pressed a circulatory movement on the stratum of water, upwards in 
the middle, and downwards at the side, which gradually gave an ascend- 
ing form to the cloud of magnesia in the part just under the pole, 
having an appearance as if it were there attracted to it ; but this was 
altogether an effect of the currents, and did not occur till long after 
the phenomena looked for were satisfactorily ascertained. 

(483) After a little while the voltaic communication was broken, 
and the platinum poles removed with as little agitation as possible 
from the water and solution, for the purpose of examining the liquid 
adhering to them. The pole when touched by turmeric paper 
gave no traces of alkali ; nor could anything but pure water be found 
upon it. The pole though drawn from a ranch greater depth and 
quantity of fluid, was found so acid as to give abundant evidence to 
litmus paper, the tongue, and other teats. Hence, there had been 
no interference of alkaline salts in any way, undergoing first decom- 
position, and then causing the separation of the magnesia at a distance 
from tlio pole by mere chemical agencies. This experiment yras 
repeated again and again, and always satisfactorily. 

(4)81) Thus it is clearly shown, that both water and air may officiate 
as a fole^ and that one element or principle only, has no powder of trans- 
ference, or of passing towards either pole ; and hence there appears 
but little reason to consider the phenomena of electro-chemical 
decomposition, as due to the attraction or attractive powers of the 
metallic terminations of the battery. Indeed, if, in accordance with 
the usual theory, a piece of platinum be supposed to have sufficient 
power to attract a particle of hydrogen from the particle of qxygen 
with which it was the instant before combined, there seems, as 
Faraday has observed, no sufficient reason, nor any facts, except those 
to be explained, which show why it should not, according to analogy 
with all ordinary attractive forces, as those of gravitation, magnetism, 
cohesion, chemical affinity, &c., retain that particle which it had just 
before taken from a distance, and from previous combination. Yet 
it does not do so, but allows it to escape freely. 

(485) It w’ould not be possible, perhaps, to bring forward a more 
instructive, or a more beautiful instance of the transfer of elements, 
and their progress in opposite directions, parallel to the elSitric 
current, than is furnished by chloride of silver when decomposed by 
silver- wire poles. Upon fusing a portion of this compound on a 
piece of glass, and bringing the poles into contact with it, there is 
abundance of silver evolved at the negative pole, and an equal 
abundance absorbed at the positive pole, for no chlorine is set free ■; 
and by careful management the negative wire may be withdrawn from 
the fused globules as the silver is reduced there, the latter serving as 
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the continuation of the pole, until a wire or thread of revived silver, 
five or six inches in length, is produced. •At the same time, the 
silver at thp positive pole is as rapidly dissolved by the chlorine 
which seizes upon it, so that the wire has to be continually advanced 
as it is melted away. The whole experiment includes the action of 
only two elements — silver and chlorine. 

(486) According to the theory of Faraday, no element or substance 
can be transferred, or pass from pole to pole, unless it be in chemical 
relation to some other clement or substance tending to pass in the 
opposite direction, the effect being essentially due to the mutual 
relation of such particles. Thus, pulverized charcoal, or sublimed 
sulphur, diffused through dilute sulphuric acid, exhibits no tendency 
to pass to the negative pole, neither do spongy platinum, or gold 
precipitated by sulphate of iron; yet in these cases, the attraction of 
cohesion is almost perfectly overcome ; the particles ai*e so small as 
to remain for hours in suspension, and are perfectly free to move by 
the slightest impulse towards either pole ; and if in relation by che- 
mical affinity to any substance present, are powerfully determined to 
the negative pole. 

(487) In Davy’s celebrated paper on “ Some Chemical Agencies 

of JElectr icily,'' read before the Royal Society, November 20th, 
1806, the following experiments on the passage of acids, alkalies, and 
other substances through various attracting chemical menstrua, are 
described : “ An arrangement was made, consisting of three vessels. 

Fig. 199. as shown in Fig. 190: solution of 

sulphate of potash was placed in 
contact with the negatively electri- 
fied point, pure water Avas placed in 
contact with the positively electrified 
point, and a weak solution of ammo- 
nia was made theT middle link of the conducting chain ; so that no 
sulphuric acid could pass to the positive point in the distilled water 
without passing through the solution of ammonia : the three glasses 
were connected together by pieces of amianthus. A power of 150 
pairs^w'as used : in less than five minutes it was found, by means of 
litmus paper, that acid was collecting round the positive point : in 
half an hour the result was sufficiently distinct for accurate examina- 
tion. 

“ The water was sour to the taste, and precipitated solution of 
nitrate of barytes. 

“ Similar experiments were made with solution of lime and weak 
solutions of potash and soda, and the results were analogous. With 
strong solutions of potash and soda a much longer time was required 
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for the exhibition of the acid ; but even with the most saturated 
alkaline lixivium, it always appeared in a certain period. Muriatic 
acid, from muriate of soda, and nitric acid, from nitrate of potash, 
were transmitted through concentrated alkaline menstrua under 
similar circumstances. When distilled water was placed in the 
negative part of the circuit, and a solution of sulphuric, muriatic, or 
nitric acid, in the middle, and any neutral salt with a base of lime, 
soda, potash, ammonia, or magnesia, in the positive part, the alkaline 
matter was transmitted through the acid matter to the negative 
surface, with similar circumstances to those occurring during the 
passage of the acid through alkaline menstrua ; and the less concen- 
trated the solution the greater seemed to be the facility of trans- 
mission. 

“ I tried in this way muriate of lime with sulphuric acid, nitrate of 
potash with muriatic acid, sulphate of soda with muriatic acid, and 
muriate of magnesia with sulphuric acid ; I employed the power of 
150 ; and in less than forty-eight hours, I gained in all these cases 
decided results ; and the magnesia came over like the rest. 

“ Strontites and barytes passed like the other alkaline substances, 
readily through muriatic and nitric acids ; and vice versa, these acids 
passed with facility through aqueous solutions of barytes and 
strontites ; but in experiments in which it was attempted to pass 
sulphuric acid through the same menstrua^ or to pass barytes or 
strontites through this acid, the results were very different. 

“ When solution of sulphate of potash was in the negative part of 
the circuit, distilled water in the positive part, and a saturated solu- 
tion of barytes in the middle, no sensible quantity of sulphuric acid 
existed in the distilled w ater after thirty hours, the power of 150 
being used : after four days sulphuric acid appeared, but fhe quantity 
was extremely minute : much sulphate of barytes had formed in the 
intermediate vessel : the solution of barytes was so weak as barely to 
tinge litmus, and a tliick film of carbonate of barytes had formed on 
the surface of the fluid. With solution of strontites the result was 
very analogous, but the sulphuric acid was sensible in three days. 

“ When solution of muriate of. barytes was made positive by the 
power of 150, concentrated sulphuric acid intermediate, and distille 
water negative, no barytas appeared in the distilled water, when the 
experiment had been carrid on for^bur days ; but much oxymuriatic 
acid had formed in the positive vessel, and much sulphate of baryte 
had been deposited in the sulphuric acid.’* 

(488) Sulphate of barytes may be. decomposed by employing two 
insulated discs of platinum, as in Fig. 200, one of which is to be put 
in communication with the negative, and the other with the positive 
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Yig, 200. these a few 

. grains of finely powdered* sulphate of 
barytes, moistened by a drop or two of 
water, is placed, and the discs connected 
by a few filaments of wet cotton ; they 
should be within half an inch of each 
of each other : in a few minutes barytes 
will be evinced by test papers at the negative disc, and sulphuric 
acid at the positive. 

(489) These experiments of Davy’s excited, at the time they were 
announced, the utmost astonishment ; and the only way by which they 
could at all be explained, was by supposing that throughout the 
whole circuit, the natural affinities of substances were suspended and 
destroyed, but were again recovered when they were dismissed at the 
electrodes by which they were attracted. .Faraday, however, denies 
thai/ any such transfer of the constituents of the body decomposed 
can or does take place, and he applies the hypothesis of Grrotthus to 
explain the apparent transfer. He maintains that there must be in 
all cases an unbroken series of particles of the electrolyte between 
the two electrodes; and that in those celebrated experiments of 
Davy’s, in wffiich the acid and alkaline cgnstituents of the salt 
appear to be drawn through pure water, ammonia, &c., the decompo- 
sition could not have commenced until a portion of the salt had 
passed by capillary attraction across the syphons, so that a con- 
tinuous line of saline particles w'as established betw^een the electrodes. 
This explanation does not, however, appear to be satisfactory to some 
of the German and French electricians. Peschel, and especially 
Pouillet (^Elements de Thysique^ vol. i. p. 598. 1847), still maintain 
the transport of the constituents of the electrolyte. “ There is,” 
says the latter, “ at once a separation and a transport. Numberless 
attempts have been made to seize the molecule of water w hich has 
been decomposed, or to arrest en route the atoms of the constituent 
gases before their arrival at the electrodes, but without success. For 
example : if two cups of w ater, one containing the positive and the 
other the negative wire of a batteiy be connected by any conductor, 
singular phenomena will be observed. If the intermediate conductor 
be metallic, decomposition will take place- independently in both 
cups ; but if the intermediate conductor be the human body, as 
when a person dips a finger of one hand into the water in one cup, 
and a finger of the other hand into the other, the decomposition wdll 
sometimes proceed as in the case of a metallic connection : but more 
generally oxygen will be disengaged at the wire which enters the 
positive cup and hydrogen at the wire which enters the negative cup 
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no gases appearing at the fingers immersed in the one and the other. 
It would thus appear that one or other of the constituent gases must 
pass through the body of the operator in order to arrive at the pole 
at which it is disengaged.*’ Is not this, however, intelligible on the 
theory of Grotthus, a chain of particles of water in the body of the 
experimenter forming the continuous line between the electrodes ? 

(490) When the material out of which the poles are formed is 
liable to the chemical action of the substances evolved, either simply 
ill consequence of their natural relation to them, or c»f that relation 
aided by the influence of the current, they then suffer corrosion, 
and the parts dissolved are subject to transference in the same 
manner as the particles of the body originally under decompo- 
sition. Thus, platinum being made the positive and negative poles, 
in a solution of sulphate of soda, has no* affinity for the oxygen, 
hydrogen, acid, or alkali evolved, and refuses to combine with, or 
retain them. Zinc can combine with the oxygen and acid : at the 
positive pole it does combine, and immediately begins to travel as 
oxide towards the negative pole. Charcoal, which cannot combine 
with the metals, if made the negative pole in a metallic solution, 
refuses to unite to tlie bodies which are ejected from the solution 
upon its surface ; but if made the positive pole in a dilute solution 
of sulphuric acid, it is capable of combining with the oxygen evolved 
tliere, and consequently unites with it, producing both carbonic acid 
and carbonic oxide in abundance. 

(491) Among the many grand discoveries with which Faraday has 
enriched electrical science, that of d^nite electro-chemical action is 
one of the most important. In the investigation of this question, it 
w^as necessary to construct an instrument wliich should measure out the 
Electricity passing through it, and which, being interposed in the 
course of the current used in any particular experi- 
ment, should serve at pleasure, either as a comparative 
standard of effect, or as a positive measurer of this 
subtile agent. Water, acidulated with sulphuric acid, 
was the electrolyte chosen, and Fig. 201 exhibits one 
of the forms . of apparatus employed ; J is a straight 
tube, closed at the other extremity and graduated : 
through the sides pass the platinum wires h h\ being 
fused into the glass and connected with two plates 
within : the tube is fitted by grinding into one mouth 
of a double-necked bottle, one half or two-thirds full 
of water, acidulated with sulphuric acid. The tube is 
filled by inclining the bottle; and when an electric 
current is passed through it, the gases evolved collect 
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in the upper part of the tube, and displace the diluted acid, the 
stopper c being left open. When the graduated part of the tube a 
is filled with the mixed gases, the electric circuit may be broken by 
Fig. 202. removing the wires connected with d h\ the 

stopper c replaced, and the metre tube 
refilled, by properly inclining the instru- 
ment: a second measure of gas is then 
collected, on re-establishing the circuit, 
and so on. Fig. 202 is another very useful 
form of this instrument, to which its in- 
ventor has given the name of the volta- 
electrometer. 

(492) By a series of experiments made 
with this apparatus, under a variety of 
forms, with difierent sized platinum elec- 
trodes, and with solutions of various 
degrees of strength, it was proved that 
water, when subjected to the influence of the electric current, is 
decomposed in a quantity exactly proportionate to the quantity of 
Electricity which passes through it, whatever may be the variations 
in the conditions and circumstances under which it may be placed ; 
and hence, that the instrument may be employed with confidence as 
an exact measurer of voltaic Electricity. 

(493) A voltameter, in which the electrodes are tin-plates coated 
with an alloy of lead and tin, has recently been described by Callan. 
{Phil. Mag., N. S., vol. vii. p. 73.) The decomposing cell is of 
wrought-iron about an inch thick, made perfectly air-tight, the top 
consisting of an iron plate screwed down on an Indiaii-rubber collar ; 
the gases are liberated through a stop-cock screwed on the top plate. 
The electrodes are arranged in two ways ; for batteries of low inten- 
sity, 20 plates each 12 inches by 4 are employed ; they are ranged 
parallel and separated -nrth of an inch from each other by strips of 
wood. Ten are connected with one end of the battery, and the other 
ten with the opposite end. The acting surface, including both sides 
of each plate, is about 3 square feet. The electrodes for batteries of 
high intensity, are likewise separated from each other by a non- 
conductor, but only the two terminal plates are connected with the 
poles of the battery. The cells are made perfectly water-tight, so 
that the battery current can only pass from one end of the battery to 
the other through the interposed plates and fluid. The number of 
cells should be about ith of- the number of cells in the battery. 
Thus, for a battery of 12 cast-iron cells, there should be 3 cells or 
two plates between the two terminal plates ; for a battery of 100 




THE TOLTiLMETEB — CALLAH’s BXPEBIMENTS. 367 

• 

cast-iron cells in series, there may be 25 decomposing cells or 24i 
interposed plates. The intensity of a battery of 100 cells is 25 times 
greater than that of 4 cells, therefore the current from it will 
overcome 25 times the resistance, and 'will pass through 25 decom- 
posing cells successively, aa freely as a*current from -a battery of 
4 cells will pass through a single decomposing cell, since there is as 
much of the mixed gases produced in each of the 25 decomposing 
cells as in the single cell through which the current from a battery 
of 4 cells passes. If the current from a battery of 100 ^ells arranged 
in one series, were sent through the electrodes as they are commonly 
arranged, the power of the batteiy would be exhausted about twice 
as soon as if the current passed through the electrodes' arranged for 
batteries of high intensity, and the twelfth part of the full decom- 
posing powder ofrthe battery would not be effective. Callan states, 
however, that it is better not to arrange a large battery in series for 
decomposing w'ater, but in sets of four, because a faulty cell, or a bad 
zinc plate, will diminish considerably the power of the entire battery. 
The fluid used is a solution of an ounce and a quarter, or an ounce of 
carbonate of potash, sod^P, or ammonia (the latter best), in a quart of 
water : if more than an ounce and a quarter be used, the foam will 
be considerable ; if less than an ounce, the conducting power will 
not be sufficient. The vessel must be tolerably capacious to allow 
the foam to accumulate, and the iron vessel in which the electrodes 
are contained should bo coated with an alloy of lead and tin, or lead 
and antimony, in which the proportions of tin and antimony are 
small. 

(494) Callan also describes an apparatus for applying the mixed 
gases to the production of the lime light for illuminating purposes : 
it consists of two wTought-iron vessels of unequal size ; the smaller 
one is about 5 J inches high and 2 inches in diameter, the sides being 
an inch thick ; the larger one is about 7^ inches high and 4 inches 
ill diameter, the sides about -Jths of an inch thick. On the top of 
the vessel is laid a collar of thick vulcanized Indian-rubber ; an iron 
plate about fths of an inch thick is there screwed down to it by iron 
bolts ; the vessel is thus made air tight ; tbo top of this vessel is 
connected by an Indian-rubber ttibe with the bottom of the small 
one, the bottom is connected by a similar tube with the gas-bag, gas- 
holder, or voltameter : J;he two vessels are nearly filled with water : the 
gas is sent into the bottom of ^e large one, ascends through *tho 
water, passef^ through the tube to the bottom of the small one, then 
through the water, and issues from the jet screwed to the top of the 
small vessel. The two vessels being of unequal size, it is impossible 
that all the water should be carried out of both at the same time, by 
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the stream of the gases ; and should an explosion occur after the 
small vessel becomes empty, the flame would be stopped by the 
water in the large vessel. In each vessel the gases are made to pass 
through wire gauze or perforated zinc, or through small pieces of 
porous earthenware, in ordbr to break ijie bubbles, and thus prevent 
the gases from ascending in a continued series of large bubbles. To 
prevent the water from being driven into the gas-bag or voltameter, 
an Indian-rubber valve is placed across the hole through which gases 
enter. This ;valve opening only inwards, becomes closed by any 
expansive force acting outwards; no dangerous explosion can con- 
sequently happen with this apparatus. With a battery of twelve 
four-inch cast-iron cells, or of four cells, each 6x8 inches, Callan 
obtained a sufficient amount of gas for the supply of the gas micro 
scope, dissolving views, &c . ; the lime light was Jth of an inch in 
diameter and constant. 

(495) The following obsewations on the relative practical values of 
the lime and coke lights are worth attention, as being the results of 
extensive experiments. If the jet of the gas-holder be attached to a 
stop-cock, by which the gases may be confin^ for 65 seconds in every 
minute, and if they are allow'ed to issue from the jet only for five 
seconds in each minute, twelve times as much of the gases must pass 
through the jet in th^se five seconds, as would pass through it in the 
same time w^ere the stop-cock always open. Hence, if tlic gases pro- 
duced by the battery are ignited for five seconds in each minute as 
they issue from this jet, and are confined in the voltameter for the 
remaining 55 secon'fis, the flame will, when thrown on lime, give a 
light twelve times as large as one a quarter of an inch in diameter, or 
one nearly |ths of an inch in diameter. This is effected by means of 
a stop cock of peculiar construction, the key of whicli is worked by 
clock-wrork. The expense of such an intermitting light would not 
be great, and it is particularly recommended for light-houses. The 
constant light seems at present almost impracticable. AVhen coke 
is used and the light constant, the battery soon w^ears out. The 
coke light is more intense than the lime light, and somewhat less 
expensive ; but the lin^p light is much more easily managed than the 
coke light. 

To produce a coke light sufficient for all illuminating purposes, 
40 cast iron cells, each containing a zinc pliite, 2 inches by 4, will 
suffice. To obtain a lime light of ecjpal illuminating power, a battery 
containing at least twice as large a surface of zinc will be required. 
The coke points will require to be changed more frequently than the 
lime, and there is more reason to fear that the coke light will fail, on 
account of the destruction of the positive coke point, than that the 
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lime^Brill go out on account of the wearing of the lime. The smallest, 
and therefore the least expensive, battery by which, by the aid of a 
good apparatus for adjusting the coke points, a continuous light of 
great illuminating power can be obtained, Callan found to be 40 
cells, in which the zinc plates were 2x4 inches. To produce an 
equal light from lime, a battery nearly twice the size would be 
required, the cells being arranged in sets of 4. The most effective 
method for arranging a cast-iron battery for the decomposition of 
water, is in sets of four, Callan found that 4 cells produced more 
than half the quantity of gases yielded by 12 of the same size, and 
that a battery Of 60 cells working in series, produced in a minute, very 
little more than 4 of the same size. He thinks that there is a certain 
intensity, above and below which there is a loss of decomposing 
power, and that in the cast-iron battery when more than 4 cells are 
employed in scries, some of the Electricity passes through the water 
without meeting the resistance or re-action necessary for decom- 
position. With a common voltameter, a battery of 500 cast-iron 
cells arranged ih rows of four will produce more than 50 times as 
much gases as it will when the cells are arranged in series. 

(496) A detail of one experiment with protochloride of tin ( 
day^s Experimental Researches, 789), will be sufficient as an example, 
both of definite electro-chemical decomposition, and of the masterly 
method of examining the question which was adopted by Earaday, 


Fig. 203. 



A piece of platinum wire had one extremity coiled into a small knob ; 
and, having been carefully w'cighed, was scaled hermetically into a 
piece of bottle-glass tube, so that the knob should be at the bottom 
of the tube within. The tube was suspended by a piece of platinum 
wire, so that the heat of a spirit-lamp could be applied to it. Eei 
cently fused protochloride of tin was introduced in sufficient quantity 
to occupy, when melted, about one-half of the tube. The wire of the 
tube was connected with a volta-electrometer, which was itself con- 
nected with the negative end of a voltaic battery ; and a platinum 
wire connected with the positive end of the same battery was dipped 
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into the fused chloride in the tube, being however so bent, that it 
could not by any shake of the hand or apparatus, touch the negative 
electrode at the bottom of the vessel. The whole arrangement is 
delineated in Eig. 203. 

(497) Under these circumstances, the chloride of tin was decom- 
posed; the chlorine evolved at the positive electrode formed bi- 
chloride of tin, which passed aw'ay in fumes ; and the tin evolved at 
the negative electrode combined with the platinum, forming an alloy 
fusible at the 'temperature to which the tube was subjected, and 
therefore never occasioning metallic communication through the 
decom230sing chloride. When the experiment had been continued so 
long as to yield a reasonable quantity of gas in the volta-electromcter, 
the battery connection was broken, and the positive electrode re- 
moved, and the tube and remaining chloride allowed to cool. When 
cold, the tube was broken open, the rest of the chloride and tlie glass 
being easily separable from the platinum wire and its button of alloy. 
The latter, when washed, was then re-weighed, aud the increase gave 
the weight of the tin reduced. 

(498) The following are the j)articular results of one ex]3criment : 
The negative electrode weighed at first 20 grains ; after the experi- 
ment, it, with the biitton of alloy, weighed 23*2 grs. The tin evolved 
by the electric current at the cathode weighed therefore 3*2 grains. 
The quantity of oxyge;^ and hydrogen collected in the volta-electro- 
meter = 3*85 cubic inches. As 100 cubic inches of oxygen and 
hydrogen, in the proportions to form water, may^be considered as 
weighing 12*92 grains, the 3*85 cubic inches would weigh 0*49742 of 
a grain : that being therefore the weight of water deconq^osed by the 
same electric current as was able to decompose such weight of 
protochloride of tin as could yield 3*2 grains of metal. Now, 
0*49742 ; 3*2 : : 9 (the equivalent of water) ; 57.9, which should 
therefore be the equivalent of tin, if the experiment had been made 
without error, and if the electro-jchemical decom 2 )osition is in this 
case also definite. In some chemical works, 58 is given as the 
chemical equivalent of tin ; in others, 57*9. Both are so near to the 
result of the experiment, and the experiment itself is so subject to 
slight causes of variation, that the numbers leave little doubt of the 
applicability of the law of definite action in this and all similar cases 
of decomposition. Chloride of lead was experimented upon in a 
manner exactly similar, exefept that flumhago was substituted for 
platinum, as the positive electrode. The mean of three experiments 
gave 100*85 as the equivalent for lead : the chemical equivalent is 
103*5, the deficiency being probably attributable to the solution of 
part of the gas in the volta-electrometer. 
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(499) In some experiments, several substances were placed in 
succession, and decomposed simultaneously by tbe same electric 
current : thus, protochloride of tin, chloride of lead, and water, were 
acted on at once, the results were in harmony with each other : the 
tin, lead, chlorine, oxygen and hydrogen evolved being dejinite in 
quantity^ and electro-chemical equivalents to each other. 

(500) By these and numerous other experiments, an irresistible 
mass of evidence was produced to prove the truth of the important 
proposition, that the chemical power of a current of EUbctricity is m 
direct proportion to the absolute quantity of Electricity which pa^es, 
which also is not merely true with one substance, as water, but gene- 
rally with all electrolytic bodies ; and farther, that the results 
obtained with any one substance^ do not merely agree amongst them- 
Belves, but also with those obtained from other substances, the whole 
combining together into one series of definite electro-chemical actions. 

(501) The following is a summary of certain points respecting 
electrolytes, ions, and electro-chemical equivalents, developed by Dr. 
Faraday, and given in the seventh series of his Experimental 
Besearches. (82G, et seq.) 

i. A single ion, that is, one not in combination with another, will 
have no tendency to pass to either of the electrodes, and will be 
perfectly indifferent to the passing current, unless it be a compound 
of more elementary ions, and itself subject to decomposition. Upon 
this fact is founded much of the proof adduced in favour of the new 
theory of electro-chemical decomposition put forward in a former 
series of those Besearches. 

ii. If one ion be combined in right proportions with another 
strongly opposed to it in its ordinary chemical relations, that is, if an 
anion be combined w ith a cathion, then both wdll travel, the one to 
the anode, and the other to the cathode of the decomposing body. 

hi. If therefore an ion pass tow^ards one of the electrodes, another 
ion must be also passing simultaneously to the other electrode, though, 
from secondary action, it may not make its appearance. 

iv. A body decomposable directly by the electric current, that is, 
an electrolyte, must consist of tw® ions, and must give them up 
during the process of decomposition. 

V. There is but one electrolyte composed of the same tw^o ele- 
mentary ions, at least such appears to bo the fact, dependent upon a 
law, that only single electro-chemical equivalents of elementary ions 
can go to the electrodes, a^j^d not multiples. 

vi. A body not decomposable when alone, as boracic acid, is not 
directly decomposable by the electric current w’hen in combination ; 
it may act as an ion, going wholly to the anode or cathode : but it 
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does not give up its elements, except occasionally by cbemical 
action. 

.vii. The nature of the substance of which the electrode is formed, 
provided it be a conductor, causes no difference in the electro- 
decomposition, either in kind or in degree ; but it seriously influences, 
by secondary action, the state in which the ions finally appear. 
Advantage may be taken of this principle, in combining and collect- 
ing such ions, as, if evolved in their free state, would be unmanage- 
able. ' 

vtii. A substance which, being used as the electrode, can combine 
altogether with the ion evolved against it, is also an ion, and com- 
bines in such cases in the quantity represented by its electro- 
chemical equivalent. All the experiments agree with this view, and 
it seems, at present, to result as a necessary consequence. Whether 
in the secondary action that takes place where the ion acts, not upon 
the matter of the electrode, but upon that which is round it in the 
liquid, the same consequence follows, will require more extended 
investigation to determine. 

ix. Compound ions are not necessarily composed of electro-chemical 
equivalents of simple ions. Por instance — sulphuric, phosphoric, and 
boracic acids, are ions, but not electrolytes, that is, not composed of 
electro-chemical equivalents of simple ions. 

X. Electro-chemical equivalents arc always consistent, that is, the 
same number which represents the equivalent of a substance A, w hen 
separating from a substance B, wnll also represent A when separating 
from a third substance C. Thus 8 is the electro-chemical equivalent 
of oxygen, w^hether separating from hydrogen, or tin, or lead ; and 
104 is the electro-chemical equivalent of lead, w^hether separating 
from oxygen, chlorine, or iodine. 

xi. Electro-chemical equivalents coincide, or are the same with 
ordinary chemical equivalents. 

(502) The theory of definite electro-chemical action led Faraday 
to the consideration of the absolute quantity of electric force in 
matter : for although, as he observes, we are utterly ignorant of wdiat 
an atom really is, we cannot resist forming some idea of a small 
particle, which represents it to the mind, and there is an immensity 
of facts w’hich justify us in believing that the atoms of matter are in 
some way endowed or associated with electrical powers to which they 
owe their most striking qualities, and amongst them their mutual 
chemical affinity. Now, to decompose a single grain of acidulated 
water, an electric current, powerful enough to retain a platinum 
wire tot of an inch in thickness, red-hot, must be sent through it for 
three minutes and three quarters, and this quantity of Electricity is 
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equal to a very powerful flash of lightning : yet the electrical power 
which holds the elements of a grain of water in combination, or which 
makes a gfain of oxygen and hydrogen, in the right proportions, unite 
into water when they are made to combine, equals, in all probability* 
the current required for the separation of that grain of water into its 
elements again ; and this Paraday has shown to be equal to 800,000 
charges of a Leyden battery of fifteen jars, each containing one 
hundred and eighty-four square inches of glass, coated on both sides : 
indeed, a beautiful experiment is described by Earada/, in which the 
chemical action of dilute sulphuric acid on 32*31 parts, or one equiva- 
lent of amalgapnated zinc, in a simple voltaic circle, was shown 
to be able to evolve such quantity of Electricity in the form of a 
current, as passing through water could decompose nine parts, or 
one equivalent of that substance ; thus rendering the proof complete 
. (bearing in mind the definite relations of Electricity),, that the Elec- 
tricity which decomposes^ and that which is evolved hy the decomposition 
of a certain quantity of matter^ are alike, 

(503) Secondary liesults : — In investigating the action of the 
voltaic current on chemical compounds, it is important to distinguish 
carefully betw'een primary and secondary results. When a substance 
yields, uncombined and unaltered at the electrodes, those bodies which 
have been separated by the electric current, then the results may be 
considered as primary ; but when any second re-action takes place, 
by which the substances, which appear at the electrodes, are not 
those which the immediate decomposition of the compounds w^ould 
produce, then the results are secondary, although the bodies evolved 
may be elementary. 

* These secondary results occur in two ways, being sometimes due 
to the mutual action of the evolved substance on the matter of the 
electrode, and sometimes to its action on the substances contained in 
the body itself, under decomposition. Thus, when carbon is made 
the positive electrode in dilute sulphuric acid, carbonic oxide, and 
carbonic acid occasionally appear there instead of oxygen : for the 
latter acting on the matter of the electrode, produces these secondary 
results. Or if the positive electrode, in a solution of nitrate, or 
acetate of lead, be platinum, then peroxide of lead appears there 
equally a secondary result with the former ; but now depending upon 
an action of the oxygen on a substance in the solution. Again, when 
ammonia is decomposed by platinum electrodes, nitrogen appears at 
the anode ; but though an elementary body, it is a secondary result in 
this case, being derived from the chemical action of the oxygen, elec- 
trically evolved there upon the ammonia in the surrounding solution. 
In the same m a n ner, when aqueous solutions of metallic* salts are 
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electrolyzed, the metals evolved at the cathode, though elements, are 
always secondary results, and not immediate consequences of the 
decomposing power of the electric current. 

(504) By the aid of feeble electric currents, some interesting 
decompositions and crystallizations were obtained by Becquerel. 
The following arc some of his results : * mhoxide of copper in the form 
of small bright octoliedrons of a deep red colour* was- obtained by 
filling a tube with solution of nitrate of copper, placing at the bottom 
some powdefed protoxide, and plunging into the liquid a plate of 
copper. The tube being then hermetically sealed, the crystals made 
their appearance after about ten days. That part of the plate wliich 
was in contact with the protoxide was positive, and the other part 
negative. If there was excess of protoxide, the solution after a time 
became colourless. Crystallized protoxide of lead was obtained by 
placing at the bottom of a tube some pulverized litharge, and pour- 
ing over it a slightly diluted solution of sub-acetate of lead, then 
plunging into it a plate of lead which was equally in contact with the 
litharge ; the tube was then hermetically sealed, and the surface of 
the plate became gradually covered with small prismatic needles of 
hydrate of lead. Crystallized oxide of zinc was obtained in the fol- 
lowing manner : two bottles were ' filled, one with a solution of zinc 
in potash, and the other with a solution of nitrate of copper, a com- 
munication was established between them by means of a bent tube 
filled with potter’s clay, moistened wnth a solution of nitrate of 
potash ; a plate of lead was immersed in the solution of zinc, and a 
plate of copper in the solution of copper : these two plates were put 
in metallic communication with each other. The nitrate of copper 
was decomposed in consequence of the action of the current proceed- 
ing from the action of the alkali on the lead ; the oxygen and the 
nitric acid were transferred to the plate of load, and there produced 
nitrate of potash and oxide of lead, which was dissolved in the alkali. 
After the experiment had been continued some days, small clear 
crystals, having the shape of flat prisms, and so disposed as to form 
rosettes, were found deposited on the plate of lead. Crystallized 
hydrate of lime was obtained by filling a Y shaped tube, the lower part 
of which was plugged with moist clay with Seine water, which contains 
sulphate of lime, and passing the current from fifteen elements 
through the liquid, both the water and the sulphate of lime were 
decomposed; that in the negative branch became alkaline, and a 

* Traitd de Electricite, vol. iii. p. 287, cf uq, 

Taylor’s Scientific Memoirs, vol. i. p. 414. 

Comp. Rend, Feb. 1852. 

L. and £. Phil Mag., N. S., vol. iii. p. 235. 
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crystalline deposit gradually took place. Chloride of silver was ob- 
tained, in the form of beautiful translucent octohedrons, by immersing 
a plate of silver attached by a wire of the same metal to a piece 
of charcoal, in a tube containing concentrated hydrochlori# acid, and 
nearly closed. • The silver attracted and combined with the chlorine, 
and the hydrogen of the acid formed, with the charcoal, a gaseous 
compound, which escaped. With a similar arrangement, substituting 
copper for silver, fine tetrahedral crystals of chloride of copper were 
formed after a few months’ action. Becquerel als^ succeeded in 
forming, artificially, by slow electric action, the sulphurets of silver^ 
copper^ lead, and tin, in beautifully crystalline forms. 

(505) More recently the weak actions to which Becquerel’s atten- 
tion has been more particularly directed, are those which commence 
as soon as the rocks, the metallic and other substances which occupy 
veins and beds, come in contact with the mineral waters which rise 
from all parts of the earth’s interior. Time, then, becomes an ele- 
ment in the growth of the crystalline substances formed. The 
following experiments were made : 1®. A plate of amalgamated zinc 
surrounding a copper wire was plunged in a solution of silica in 
j)()tash. After a fortnight’s action, very small, regular, octohedral 
crystals of hydrate of zinc ’were formed on the zinc plate ; 2°. A lead- 
copper arrangement was substituted for the zinc copper, anhydrous 
crystals of oxide of lead were deposited on the lead plate ; 3*^. Lumps 
oi (jalena were left for several years in solutions of chloride of sodium 
and sulphate of copper ; the following products were formed, either 
on the galena or on the bottom and sides of the vessel ; a, chloride of 
sodium in cubes, cubic octohedrons, and even in octahedrons, having 
groat transparency and very definite forms ; b, chloride of lead, in 
needles and cubes, slightly yellowish and of a very perfect form ; 
c, sulphate of lead in cuneiform octohedrons, much modified, precisely 
resembling the crystalline sulphate of lead of Anglesea; d. chloro. 
sulphate of lead, in needles ; e. basic chloride of lead in microscopic 
crystals disseminated here and there throughout the whole product; 
f. sulphuret of copper, black, without an appearance of crystallization. 
The whole of these substances covering the piece of galena gave it 
the appearance of a specimen from a mineral vein. A voltaic couple 
formed of a piece of galena surrounded by a platinum wire placed in 
a saturatcid solution of common salt and sulphate of copper diluted 
with three volumes of water, give rise to the formation of a consider- 
able quantity of crystallized chloride of lead in cubes without any 
other product. 

Becquerel thinks that these re-actioi}S take place in nature ; rain 
^water, coming into contact with mineral masses and veins formed of 
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metallic combinations, becomes charged with chloride of sodium aBd 
sulphate of copper arising from the decomposition of copper pyrites ; 
the resulting solutions once in contact with galena, re-act upon it 
weakly, aftd give rise to the various compounds above described. 

(506) To obtain in a crystalline state sulphur, sulj)hate, and car- 
bonate of baryta, the apparatus shown in Fig. 204 j was employed. 


Fig. 204. 



A., A’, A” are three Wolfe’s bottles ; A contains a solution of sul- 
phate of copper, A’ a solution of the substance in tlie constituent 
parts of which it is desired t# introduce a change, and A” contains 
water, rendered a conductor by the addition of an acid or common 
salt. A communicates with A’ by means of a bent tube, ah c, filled 
with potter’s clay or plaster of Paris, as suggested by Dr. Golding 
Bird, moistened with a saline solution, the nature of which depends 
on the effect intended to be produced in A. A’ and A” communi- 
cate with each other by means of the two platina plates, p p’ and 
A and A” communicate by means of a voltaic pair c M 2 ;: t t is a 
safety tube, to indicate internal pressure arising from the disengage- 
ment of gas. 

According to this arrangement, the extremity of the platina 
plate is the positive pole of a voltaic apparatus^ whose action is slow 
and continuous when the liquid in A’ is a good conductor ; the inten- 
sity of the electric forces is sufficient to decompose the sulphate of 
copper in A; from that instant *the oxygen proceeds towards a as well 
as the sulphuric acid, which, in passing into the tube ah expels 
those acids which have a less affinity than itself towards the bases. 
These acids and the oxygen pass into the liquid A*, where their slow 
re-actions determine the relative changes in the bodies which they* 
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find there. On introducing in A’ an alcoholic solution of sulpho 
carbonate of potash, and moistening the clay in the tube ah c with a 
solution of nitre, a crystalline deposit of sulphur and carhonaie of 
potash took place on the platinum plate p’* after 24 hours’ action, 
when a solution of sulpho-earbonate of baryta was substituted for 
Bulpho-carbonate of potash, the deposit consisted of crystals of sul- 
phur, and carbonate, and sulphate of baryta. A’ was filled with a 
solution of sulphite of potash, p p^ p^^ being a double plate of copper. 
The extremity which was still the positive pole, ^jbtracted the 
oxygen and the nitric acid, the latter decomposed the sulphite and 
took possession of the base : the sulphurous acid was carried to the 
oxide of copper, which was formed at the same time and combined 
with it. The sulplfite of copper combined with the sulphite of pot- 
ash, and formed a double compound, which crystallized in beautiful 
octohedrons, but which was gradually decomposed, Bnd gave place to 
fine transparent octahedral crystals of sulphite of copper, of a vivid 
red colour, and with the brilliancy of garnets. 

(507) By the following arrangement, recommended by Dr. Grolding 
Bird, fine crystals of copper, of suboxide of copper, and of oxide of 
zinc, may be obtained : A glass tube, open at both ends, about half 
an inch in diameter and three inches in length, is closed at one end 
by means of a plug of plaster of Paris, about J of an inch in thick- 
ness. The tube is filled with a moderately diluted solution of nitrate 
or chloride of copper, and placed inside a cylindrical glass vessel, 
nearly filled with a weak solution of potash or soda. The leaden leg 
of a compound lead and copper arc is plunged into the outer cylinder, 
and the copper leg into the tube. The lead slowly dissolves in the 
alkaline solution, an^ electric action is set up ; the current traverses 
the plaster of Paris partition, and the oxide of copper (precipitated 
by the slow admixture of the alkaline solution with the copper salt) 
is reduced partly to the metallic state and partly to suboxide, both 
of which crystallize on the negative copper leg of the arc. If a solu- 
tion of oxide of zinc in caustic potash be substituted for the uncom- 
bined alkali in the larger vessel, a very elegant deposit of oxide of 
zinc takes place in about eight or ten days, on the lead or positive* 
plate, while fine crystals Of copper and suboxide are deposited on the 
copper or negative plate. 

(508) The following experiments were made by Mr. Crosse : 

1®. In an oval glass dish, of the capacity of about two quarts, was 

placed, on the bottom horizontally, a fiat piece of clay-slate, a few 
inches square, with a platinum wire round its middle, and connected 
with the negative pole of a sulphate of copper battery of eight pairs 
of plates. Upon this was placed a piece of mountain limestone, of a 
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few ounces’ weight, round the middle of which passed a platinum 
wire, connecting it with the positive pole. This stone was prevented 
from touching the slate below by three small wedges of deal, placed 
as .supports. The glass dish was filled with spring water, and a 
stream of gas was rising from each wire. After two months’ action 
the negative platinum wire was entirely covered throughout its 
whole length, under water, with crystalline carbonate of lime, and the 
positive wire had produced a great effect upon that part of the lime- 
stone with which it was in contact, having eaten into it so as to form 
a neck round it. In another month the efiects greatly increased, 
and carbonate of lime began to form rapidly over the. whole of the 
slate, as well as over the greater part of the inner surface of the glass 
basin. It so happened that the most elevated part of the limestone 
stood perpendicularly above a part of the negative wire, from which 
a constant strealn of hydrogen gas, in minute bubbles, was playing 
against the little wall of limestone above it. Exactly where this line 
of bubbles existed, about half an inch in width, was a line of most 
beautiful translucent crystals of carbonate of lime upon the lime- 
stone, and occupying the whole surface of that part of it which was 
exposed to the current of hydrogen gas. 

2®. In a glass jar of spring water were placed two pieces of clay 
slate, and between them a piece of crystallized carbonate of strontia, 
connected with the positive pole of a sulphate of copper battery, of 
six pairs of plates, the lower slate being in connection with the 
negative pole : both slates became thickly covered with pearly-white 
carbonate of strontia in a botryoidal formation : the glass was also 
partially covered with stalactitic carbonate of strontia. 

3®. In a similar jar, carbonate of barytes was positively electrified: 
the negative wire and a portion of the slate became gradually covered 
with a beautiful mamillated formation of carbonate of barytes. 

4®. In a similar jar, sulphate of barytes was positively electrified : 
the slate was studded with brilliantly transparent crystals of sulphate 
of barytes. 

5®. A piece of solid opaque white quartz, suspended in a glass 
basin, filled with solution of pure carbonate of potash, was kept posi- 
tively electrified by a similar battery, a similar piece of quartz being 
in the same manner kept negative. Some small pieces of quartz 
were placed between the two : after some months’ action there was a 
considerable formation of crystals. 

(509) Among the results obtained by the author, the following 
are worthy of being recorded : — 

I®. Two pieces of white marble, placed horizontally in a glass 
basin, were connected by platinum wires with the positive and nega- 
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tive terminations of a battery of twenty pairs, in glass jars, charged 
with salt and water. The basin was filled with spring water, : after 
several months’ action the positive marble was cut nearly half through 
its thickness, and the edges of the negative marble, and the negative 
side of the basin, were covered with myriads of crystals. A strong 
smell of chlorine was perceptible, evidently occasioned by the decom- 
position of the chlorides contained in the water. Mr. Crosse noticed 
the same in some of his experiments, and there is no doubt, as he 
remarks, that the small quantity of chlorine thus ei^olved at the 
positive pole, lent material assistance to the transference. 

2''. The positive platinum wire of a similar battery was twisted 
round a piece of mountain limestone ; the negative wire was attached 
to a piece of slate : after the lapse of several months the limestone 
was cut nearly in two, and the slate was beautifully studded with 
crystals of carbonate of lime. 

3". To the positive pole of a battery of tw^cnty pairs, charged with 
salt and water, was attached a crystal of sulphate of barytes. This 
rested on the bottom of an inverted gallipot, which was placed in a 
large glass jar filled with spring water. After six months’ action tlie 
negative side of the gallipot had become studded with heaiUiful 
transparent crystals, many of which could be distinctly pronounced 
to be four-sided and tabular. These crystals rapidly increased, both 
in size and number, and after twelve months’ action the jar itself, 
and also the slate, were completely covered with crystals. 

4'*. Under similar circumstances (except that instead of a gallipot 
a small inverted tumbler was employed), a crystal of sulphate of 
strontia w as kept positively electrified ; thare*was a similar formation 
of transparent crystals over the negative side of the inverted jar, and 
also over the side of the large jar in wdiich the whole was placed. 
The odour of chlorine w^as in both these experiments very distinct. 

5°. The carbonates of barytes and strontia kept positively electri- 
fied in vessels of spring water, after several months’ action, transferred 
beautiful crystals to the negative side of the basin ; and, in the case 
of the carbonate of strontia, the negative slate was very thickly 
studded ; the evolution of chlorine was very evident in both cases. 

6°. A common large garden flower-pot without a hole in the 
bottom, was filled with fragments of common red-brick, and placed 
on tw^o pieces of brick standing in a common salting pan : the pot was 
kept filled with spring water, the droppings being poured back every 
morning. Three platinum wires from the positive extremity of a 
salt-and-water batt^y, of sixty pairs of cylinders, ill three series of 
twenty pairs each, enveloped two of the pieces of brick, about three 
inches beneath the surface ; and three silver wires from the negative 
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extremity were twisted round two other pieces at the opposite side 
of the pot. A few days after the commencement of the experiment, 
a strong odour of chlorine rose from the positive side ; and, after the 
lapse of several months, there was a large accumulation of carbonate 
of lime on .the negative side of the pot, not only over the fragments 
of brick, but all over the outside of the pot, and between the bottom 
of the pot and the crucible under the negative side. With the aid of 
a lens, a large accumulation of small crystals of carbonate of lime 
could be seen between the interstices of the bricks. 

This experiment is a modiiied repetition of one of Mr. Crosse’s 
experiments, which was as follows — 

In a large, common, glazed salting-pan, filled with the spring water 
of the country, a common red brick was laid horizontally, each end 
resting on a half brick of the same sort. The two ends of the brick 
were connected respectively w'ith the positive and negative termi- 
nations of a sulphate of copper battery, of nine pairs of nine-inch 
plates : the upper surface of the brick was covered with clear river- 
sand. At the termination of a quarter of a year, the apparatus was 
taken apart, and the following observations were made : — 

On attempting to lift the whole brick from the two half bricks that 
supported it, it was found that while the positive end was easily re- 
moved from the brick below it, the negative end required some little 
force to separate it from its support ; and when the two were 
wrenched asunder, it was observed that they had been partially 
cemented together by a tolerably large surface of beautiful snow-white 
crystals of arragonite, thickly studding that part of the brick in 
groups, the crystals of each radiating from their respective centres. 
Here and there were formed in some of the little recesses in the 
brick, elevated groups of needle arragonite, meeting together in a 
pyramidal form in the centre; while, in the open spaces between, 
were some exquisitely-formed crj'stals of carbonate of lime in cubes, 
rhofnboids, and more particularly in short six-sided prisms, with flat 
terminations, translucent and opaque, sufficiently large to determine 
their form without the use of a lens. The positive end of the brick 
and that w’hich supported it were also covered with crystals, much 
smaller and apparently of a different nature. On emptying the 
water from the pan, there was found at its negative end, at the 
bottom, a very large quantity of snow-white carbonate of lime to the 
extent of some ounces in weight, in the form of a gritty powder in 
minute crystals. Three-fourths of the whole interior of the pan were 
covered with myriads of crystals of carbonat^ of lime, so firmly 
.adhering to the pan, as not to be separated without the aid of an 
acid. 
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(510) Of the action of a weak acid on limestone, when concen- 
trated at the positive pole, the following pretty application was made 
by Mr. Crosse : — 

In a saucer, filled with a concentrated solution of nitrate of potash, 
a flat, polished piece of. white marble was placed ; and upon the 
middle of the marble, a common sovereign, with its reverse in contact 
with the marble, and having a stout glass rod supported perpen- 
dicularly on the coin, to keep it in its place. Between the rod and 
the* coin was affixed a platinum wire, which was connected with the 
positive pole of a sulphate of copper battery, of eight pairs of plates ; 
w hile round the marble, but not touching it, was a coil of similar 
wire connected with the negative pole. The nitric acid was soon 
separated from the potassa, and attacked the marble in contact with 
the sovereign ; and, at the expiration of three days, the coin was per- 
fectly inibedded in the marble. The experiment was then put an end 
to, and the marble being taken out and inverted, the sovereign fell 
out of its stony receptacle, leaving a tolerably perfect impression on 
the marble. A very singular result took place in this experiment : 
the end of the gh\ss rod which rested on the platinum wire in contact 
with the coin, chanced to be ground for the length of about two 
inches, which ground portion at the termination ot* the experiment 
became permanently gilded. This was at first referred by IMr 
Crosse to the presence of a minute portion of chlorine 4n the solu- 
tion ; the real cause w^as detected in the course of the followiifg 
experiments, made some years afterwards and communicated by Mr. 
Crosse to the chemical section of the British Association, in 1854, in 
a paper, “On the Apparent Mechanical Action accompanying 
Electric Transfer.” 

“ Experiment the Jirst. — I placed a piece of smooth carbonate of 
lime, of tw'o inches square and half an inch thick, at the bottom of a 
rather deep saucer, wdiich I nearly filled with dilute pure nitric acid. 
The preparation of the acid being one-fiftieth part by measure of the 
distilled water employed, wdiich ^as one pint. Upon this piece of 
limestone I placed a sovereign, which weighed 123 grains, and upon 
the upper surface of the coin I placed one end of a platinum wire, 
which was connected wdth tlie positive pole of a small sustaining 
sulphate of copper battery. This end of the wire was kept firm on 
the coin, and the coin on the limestone by a stick of glass, supported 
vertically. The lower end of the stick was ground, as in my former 
experiment. Around the square piece of limestone I coiled a second 
platiuurn w^ire which was connected with the negative pole of the 
battery. 

“ The action commenced, hydrogen gas being liberated at the latter 
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pole, and carbonic acid gas from that part of the coin in contact with 
the limestone at the positive pole. I kept this in action for fifty- 
hours, and then took tlie apparatus apart. The coin had sunk into 
the limestone to the depth of half its thickness, and when removed, it 
left a clean impression on the stone. But tjie most striking circum- 
stance was that the carbonic acid gas in its evolutions from the stone, 
had struck off a portion of the milled edge of the sovereign, leavhig it 
quite smooth at that part, and the pieces hroJcen off had the milled 
edge remaiuijig on them. Moreover, the evolution of gas carried up 
a small portion of gold, and gilded the whole of the ground surface of 
the glass rod. The broken pieces of metal lay around the coin, which 
when weighed, showed a loss of three grains, which was exactly the 
weight of the piece§, including the gilding on the glass, which I care- 
fully removed. It is particularly to- be noticed, this w^as at the 
positive pole. On testing the fluid, it evinced not a trace of gold or 
copper^ but merely a portion of nitrate of lime. Indeed had either of 
these metals been in solution, they must have appeared on the 
negative platinum wire, wdiich w'as not the case. 

‘‘ Experiment the second . — I repeated the former experiment in a 
different manner, using pure sulphuric acid instead of nitric, and 
acting on the same sovereign, which now w'cighed 120 grains. This 
I placed on a larger piece of marble and kept it pressed firm in its 
position by ti glass weight of larger diameter than the former, and 
w0ighing about two pounds. Instead of a saucer I used a glass jar, 
filling it with one ounce of sulphui-ic acid and forty-nine of distilled 
water, so that the pressure of the fluid was of course greater, from 
tlie greater depth of the vessel containing it, and resistance to the 
extrication of the gas w as in consequence proportionably greater. I 
employed a sulphate of copper battery of eight pairs, weakly charged 
but in good action. This action was continued for ninety hours, and 
then stopped. The coin weighed 114 grains, having lost six grains, 
which lay in pieces around it upon the surface of the marble, and 
which weighed exactly six grains. •The glass w eight in this experi- 
ment was not gilded, and the coin had made but little impression on 
the marble. On examining the sovereign, I found that one portion 
of its edge had the entire milling completely removed, and that part 
of the edge was left perfectly smooth, the remaining part of the coin 
being little if at all acted on. In fact, neither of the flat sides of the 
coin was at all acted on ; with the exception of a small portion of 
loth sides which were contiguous to that part of the edge from 
which the entire milling was removed. The carbonic acid gas which 
was liberated from the limestone had found an easier vent from under 
one part of the coin than the other, and from this part it poured 



TUB ELECTRICAL ACARUS. 


883 


forth in considerable quantity, and by its con^ant friction broke off 
small pieces of the coin, which lay in a heap adjoining. I must 
observe that a very minute quantity of the purple oxide of gold 
stained a part of the marble. In this latter experiment T placed a 
glass strip, of three-fourtlis of an inch wide and some inches in length, 
upon the two opposite edges of the glass jar containing the dilute 
acid, and half an inch above the surface of the fluid, as I expected a 
crystallization of sulphate of lime upon its under surface. I w^s not 
disappointed, as the whole of the glass was covered with hundreds of 
needle crystals of sulphate of lime from one end to the other. The 
glass strip was placed in a line exactly corresponding to the line of 
passage of the electric current, one end being over the positive wire, 
and the other over the negative ; but every one of the crystals was at 
right angles to the electric current^ viz., in the magtketic direction, 

“ In the electric transfer of the earthy carbonates, and probably of 
many otlier substances, the mechanical action of ^hc gases* evolved at 
hoih poles of the voltaic battery is strikingly shown* by supporting a 
piece of clay-slate in a horizontal position, a few inches above each 
termination ; taking care that such piece of clay-slate is somewhat 
below the surface of the fluid employed. In this way I have obtained 
crystals of the carbonates of lime, strontia, and baryta, on the under 
part of the clay -slate, suspended above hoik the positive apd negative 
terminations of the battery. The deduction I draw from these ^ 
experiments is, that a constant disturbance of the fluid electrically 
acted on, is a powerful agent* in the formation of minerals, and in 
modifying the forms of matter. Some persons of high scientific 
authority have suggested that this power may possibly account for 
vai’ious hitherto unexplained phenomena in nature. It is my 
intention to pursue this subject in its different bearings.” 

(511) It was in the course of his experiments on electro-crystal- 
lization, that that extraordinary insect Pig, 205. 

about which so much public curiosity was 
at the ttme expended, was first noticed by 
Mr. Crosse. The following is his accaunt 
of the experiment in which it first made 
its appearance : A wooden frame was con- 
structed, of about two feet in height, con- 
sisting of four legs proceeding from a 
shelf at the bottom, supporting another 
at the top, and containing a third in the 
middle. A jB, Fig. 205, represents two 
of the four uprights, or legs, issuing from 
the base C, supporting the moveable shelf 





384 


GALYAlSriO OE VOLTAIC ELEOTEIOITT. 


2), which shelf is kept in its place by four pins E, passing through 
the four uprights, and may be raised or lowered at pleasure. Each 
of these selves was about seven inches square. The upper shelf 
was pierced with an aperture in which was Jxed a funnel of Wedge- 
wood ware, G, within which rested a quart basin, on a circular piece of 
mahogany placed within the funnel. When this basin was filled with 
fluid, a strip of flannel, wetted with the same, was suspended over the 
edge the basin and inside the funnel, which, acting as a syphon, con- 
veyed the fluid out of the basin through the funnel in successive drops. 
The middle shelf of the frame was likewise pierced with an aperture, 
in which was. fixed a smaller funnel of glass, L, containing a piece of 
somewhat porous red oxide of iron from Vesuvius, iT, immediately 
under the dropping of the upper funnel. This stone was kept con- 
stantly electrified by means of two platinum wires, M N, on either 
side of it, connected with the poles of a voltaic battery of nineteen 
pairs of five-inch ziiS and copper plates, excited by water only. The 
lower shelf supported a wide-mouthed bottle o, to receive the drops 
as they fell from the second funnel..- When the basin was nearly 
emptied, the fluid was poured baiflt again from the bottle below into 
the basin above, without disturbing the position of the stone. The 
fluid with which the basin was filled was made as follows : — A piece 
of black fliat was reduced to powder, having been first exposed to a 
red heat, and quenched in water. Of this powder, tw’o ounces were 
taken and fused wfith six ounces of carbonate of potash : the soluble 
glass formed w^as dissolved in boiling \vater, diluted, and hydrochloric 
acid added to supersaturation, the object bciitg to form, if possible, 
crystals of silica at one of the poles of the battery. On the four- 
teenth day from the commencement of the experiment, Mr. Crosse 
observed, through a lens, a few small whitish excrescences or nipples, 
projecting from about the mindle of the electrified stone, and nearly 
under the dropping of the fluid above. On the eighteenth day these 
projections enlarged, and seven^or eight filaments, each of them 
longer than the excrescence ^from w^hich it grew, made their appear- 
ance on each of the nipples; On the twenty-second day these 
appearances were more elevated and distkict; and on the twenty- 
sixth day each figure assumed the form of a perfect insectj standing 
erect on a few bristles which formed its tail. Till this period Mr. 
Crosse had vm notion that these appearances were any other than an 
incipient mineral formation ; but it was not until the twenty-eighth 
day, w^hen he plainly perceived these little creatures move their legs, 
that he felt any surprise. When an attempt 'was made to detach 
them from the stone, they immediately died ; but in a few days they 
separated themselves, and moved about at pleasure. In the course 
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of a few weeks about a hundred of them made their appearance on 
the stone : at first, each of thein fixed itself for a considerable time 
in one spot, appearing to feed by suction, but when a ray of light 
from the sun was directed upon it, it seemed disturbed, and removed 
itself to the shaded part of the stone. .... Mr. Crosse adds, “ I 
have never ventured an opinion as to the cause of their "birth ; and for 
a very good reason — I was unable to form one. The most simple 
solution of the problem which occurred to Ihe was, that they arose 
from ova deposited by insects floating in the atmosphere, and that 
they might possibly be hatched by the electric action. I next 
imagined, as others have done, that they might have originated from 
the water, and consequently made a close examination of several 
hundred vessels filled with the same water as that which held in 
solution the silicate of potassa. In none of these vessels could I 
perceive the trace of an insect of that description. I likewise closely 
examined the crevices and most 
dusty parts of the room with no 
better success.” 

(512) In subsequent experi- 
ments, this same insect (which 
it appears is of the genus acarus, 
but of a species not hitherto ob- 
served, and of which a magnified 
representation is given in Fig. 

200) made its appearance in 
electrified solutions of nitrate 
and sulphate of copper, of sul- 
phate of iron, and sulphate of . 
zinc ; also on the wires attached 
to the poles of a battery working 
in a concentrated solution of 
silicate of potassa, as shown in Fig. 207 ; also mfluo-silicic acid, in 
Fig. 207. 


Fig. 206. 




the arrangement shown in Fig. 208, in which a glass basin is shown 
partly filled with fluo-silicic acid, to the level 1 : 2, a small porous 
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pan inade of tlio same materials as a garden-pot, partly filled with the 
same acid to the level 2, with an earthen cover, 3, placed upon it to 
keep out the light, dust, &c.: 4, a platinum wire connected with the 
positive pole of the battery, with the other end plunged into the acid 
in the pan, and twisted round a piece of common quartz ; the 
platinum wire passes under the cover of the pan : 5, a platinum wire 
connected with the negative pole of the same battery, with the other 
end dipping into the iRisin an inch or two below the fluid, and, as 
well as the other, twisted round a piece of quartz. After eight 
months* action, Mr. Crosse perceived two or three insects in their 
incipient state, appearing on the naked platinum wire at the bottom 
of the quartz in the glass basin at the negative pole. In Fig, 209 a 
magnified view is given of the wire, &c., 1 being the platinum wire ; 
2, the quartz ; 3, the incipient insects. At the suggestion of Mr. 
Crosse, some of these experiments were repeated by the late Mr. 
Weekes, of Sandwich, by passing currents of Electricity through 
vessels filled with solutions of silicate of potash, under glass receivers 
inverted over mercury, the greatest possible care being taken to 
shut out extraneous matter, and in some cases previously filling the 
receivers with oxygen gas. The general result was, that after an 
uninterrupted action of upwards of a year, insects made tlieir appear- 
ance in every respect perfectly resembling those which occurred in 
the Broomfield experiments, as the author csin testify, having had 
many opportunities’ of examining each. In some of Mr. Weekes*s 
later experiments, the acarus made its appearance in solution of 
ferrocyaAuret of potassium. Similar experiments were made by the 
author, and were continued for upwards of sixteen months, lie did 
not succeed in obtaining the insects within the bell jars which covered 
the solutions undergoing electrolysis, but several, precisely similar to 
those of Crosse and Weekes, were repeatedly found on, and about, 
the terminal cells of the battery. 

(513) The following account of some of his more recent experi- 
ments, in which acari made their appearance, has been kindly com- 
municated by Mr. Crosse : — 

“ I calcined black gun flints, in a crucible, flung them while hot 
into water ; I then dried and reduced them ,to powder. Of this 
powder I took one ounce, to which I added three ounces of car- 
bonate of potassa, and intimately mixed them. I then projected the 
whole by separate portions, into a heated crucible, till the whole was 
in perfect fusion, which fusion I kept up for five hours, increasing 
the heat until it exceeded that sufficient to melt cast iron. I then 
removed the crucible and allowed the contents to become solid, 
which formed into a pale green transparent glass ; while still hot, I 
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broke them into pieces. TKese hot pieces I threw into a vessel of 
boiling distilled water, which entirely dissolved them, and I took 
care that the water should be nearly saturated; we will call this 
silicate of potassa A : and I made use of it, as hereafter described, 
whilst it was still hot. I had previously prepared an apparatus to 
act electrically upon this fluid. It consisted of a common tubulated 
glass retort, supported in a frame contrived to keep it in the same 
position as when used in distillalion. The beak or long end of this 
retort rested in a small cup of pure mercury, from which proceeded 
a platinum wire, which passed up through the whole length of the 
retort, and when it reached the bulb, was bent at right angles, so as 
nearly to touch the bottom of the bulb. The glass tube, which fitted 
air tight into the neck of this retort, had a platinum wire passed 
straight through *it, the upper part of which was hermetically sealed 
into the upper part of the tube, and the lower part of the wire was 
continued downwards so as nearly to touch the bottom of the bulb. 
These two platinum wires were thus placed parallel to each other 
within the bulb of the retort, and at the distance of about two inches 
from each other. The wire which passed through the neck was then 
connected with the positive pole of a small sustaining sulphate of 
copper battery of six pairs of cylinders ; and the mercury, from which 
proceeded the longer wire, which passed through the whole length of 
the retort, was connected with the negative pole. Of course no 
electric action could take place, until the bulb of the retort was filled 
more or less with a conductiug medium. When all was ready I poured 
the solution A, still hot^ into the bulb of the retort, having tempo- 
rarily removed the tube in the neck for that purpose, and carefully 
fitted it again, it being accurately ground so as to fit air-tight. The 
bulb was about one-half filled with A. As soon as the bulb was 
filled as related, an electrical action commenced at both wires. 
Oxygen and hydrogen gases were liberated: the volume of atmospheric 
air in the retort was soon expelled, and a continual but slow succes- 
sion of oxi-hydrogen gas bubbles passed through the cup of mercury 
into which the end of the retort was dipped, which lasted during the 
whole continuance of the experimeift. .Tlvery care had heen taken 
to avoid atmospheric contact, and admittance of extraneous matter, 
and the retort itself had been previously washed vrith hot alcohol. 
This apparatus I placed on a shelf, in a dark subterranean cellar, and 
I examined it carefully every two or three days. After some w’eeks* 
action, gelatinous silica collected in some quantity around the end of 
the positive wire, but I discovered no sign of incipient animal for- 
mation, until, on the 140th day after the commencement of the expe- 
riment, I plainly distinguished one fat acarus actively crawling about 
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within the bulb of the retort, and above the fluid, on the upper part 
towards the neck. I held a lighted lamp behind the bulb with one 
hand, and examined every portion of it, by means of a common lens 
held in my other hand. When first I observed this little creature I 
thought it might be outside the bulb, and I passed my finger several 
times over it — but no, it was plainly and distinctly within the hulby 
and was as active as possible. I ngver saw it again, and in spite of 
the closest examination and the continuance of the experiment for a 
whole twehemonthy I never detected another. And now I found that, 
in spite of all my caution, I had committed a great error in the per- 
formance of this experiment, that is, I had omitted to insert within 
the bulb of the retort, a resting place for these acari, should any 
appear, for them to dwell upon.^ I have no doubt but that the one I 
saw, and perhaps others, had fallen down into tfie fluid and were 
destroyed. I ground this opinion upon two facts. First, I had 
observed in former experiments that if I let fall by means of a small 
camel’s hair brush, one of those acari into the fluids, under which he 
had been born, he was immediately drowned — and secondly, my late 
friend Mr. Weekes, had made similar observations ; moreover, it was 
not an easy matter to detect all the acari in the bulb of a retort 
which contained nearly a pint of fluid, by means of a lens with a 
short focal power. It is strange that in a solution eminently caustic 
and under an atmospere of oxi-hydrogen gas, one single acarus should 
have made his appearance. 

“ I shall now make mention of the last experiment I haye made 
in which acari appeared, but which, I. should observe, were quite 
unexpected by me. I had previously been trying some experiments 
upon sheep’s wool, by passing the Electric current from a small sus- 
taining battery through two porous pots, filled with salt and water, 
standing on a glass vessel -side by side, which vessel was filled with 
the same fluid. These two porous pots were kept respectively posi- 
tive and negative by platinum wires, connected with the opposite 
poles of the battery ; apd a small lock of wool was attached to the 
end of each wire. When the electric action began, the chlorine of 
the salt went of course to the positive pole, and the wool there sus- 
pended was impregnated with it, while at the same time the soda 
went to the negative pole, and similarly impregnated the wool in 
that porous pot. At the expiration of three weeks, I removed both 
locks of wool from their respective pots, and plunged the one just 
taken from the positive pot, and impregnated with chlorine into the 
negative pot, where it was, to my surprise, dissolved in an instant, I 
repeated this with fresh locks of wool, first moistening them in the 
positive pot, and after a» short time, letting them fall into the nega- 
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tive, where they were dissolved but more slowly than at firsts I 
continued this till the fluid in the negative pot would dissolve no 
more wool, after which I removed and filtered it. The solution was 
of a fine yellow colour, exactly similar in appearance to that of chlo- 
ride of gold, and it was perfectly transparent. This solution I shall 
call B. It smelt rather strongly of chlorine, and with it I made the 
following experiment, with a view to decompose the solution, but not 
expecting animal life to appear during the process ; I filled a 
tumbler with B, into which I immersed a small porous ^ot, filled with 
the same solution, and kept positive by a platinum wire connected 
with a small sustaining battftry of three pairs of plates. Into this 
tumbler I let fall a piece of white quartz attached to a platinum wire, 
and connected with the negative pole of the same battery. This tumbler 
I placed in a tea saucer, and inverted a glass jar over the tumbler, 
which rested on the saucer, and the two wires of platinum which 
conducted the electric current passed between the bottom of the 
glass jar and the upper surface of the saucer. I made this arrange- 
ment merely to keep out the dust. This was .set in action on June 
10th, 1853, Some weeks afterwards, an assemblage of crystalline 
matter, some of which was perfectly transparent, and some white and 
opaque, formed upon that* part of the negative platinum wire from 
which the quartz was suspended — not that portion which was immersed 
in B, but that part of the wire which was bent outside the tumbler 
to enable it to pass under the inverted glass jar in its passage to the 
negative pole. These crystals increased in size and number for some 
months, but are now somewhat diminished. It is difficult to describe 
their form properly ; they are partly four-sided prisms, but curved in 
various directions, and they appear of small specific gravity. There 
is a constant faint smell of chlorine proceeding from the small aper- 
ture between the bottom of the inverted glass and the saucer. The 
crystals are discernible at some distance without the aid of a lens ; 
in fact, some of them are occasionally half an inch in length, and 
occasionally much less, and they vary in size in proportion to the 
greater or less temperature of the room and the greater or less 
moisture which exists under the inverted glass jar, and which is occa- 
sioned by the slower or quicker evaporation of the fluid B in the turn'- 
bier. On the 27th of January, 185 on examining this apparatus, 1 
distinctly saw one perfect acaruSy and some others in different stages, 
by means of a lens ; but no movement was perceptible in the per- 
fect insect. I took a drawling of these appearances. A week or two 
afterw^ards, I discovered another perfect acaruSj but like the former, 
without motion, ^oth these acari, as well as others that afterwards 
appeared during this experiment, were on the interior of the inverted 
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glass jar which covered the tumbler, and were constantly in an 
atmosphere impregnated with chlorine, which was continually renewed 
by the electric action, which was always more or less causing 
its evolution from the fluid B. The limbs of the perfect acari were 
extended in a natural position, and they appeared in all. respects like 
living insects, hut without motion. Some of my friends who examined 
them with a lens, fancied they perceived a movement, hut I believe 
this was a mistake, as they remained in their respective situations 
from the time* I first saw them to the present date, Pebruaiy 5th, 
1855. This has never occurred to me before. Whether the chlorine 
prevented their complete animation I * cannot say. I must here 
observe that, although I have seen these acari during many previous 
experiments, I have never known them to make their appearance 
before, except during the warmer months of the year, say from April 
to October, both months inclusive. The least approach of frost has 
either prevented ‘their birth or destroyed them when living ; but on 
this occasion the result was entirely different, although the acari 
were precisely of the same kind as those I usually observed. There 
are at present three perfect acari, and some incipient ones, and they 
are perceptible by means of a common lens. This experiment is still 
continuing, and although the temperature of the situation in 
which the apparatus is placed, has been for some days past nearly 
down to the freezing point, not the least alteration is perceptible in 
the acari. I did expect during the warm months of last summer 
that they would have been in an active state, but this has not taken 
place.” 

(514) Among the most interesting of Mr. Crosse’s experiments, 
are those in which he has imitated in a most extraordinary manner, 
“constant” and “intermittent” springs with the aid of the voltaic 
battery. The experiments were made in the following manner : — 

P, A common garden-pot ftdl of moistened pipe-clay was placed 
in a basin full of water ; a platinum wire connected with the negative 
extremity of a sulphate of copper battery of twelve pairs of plates, 
each two inches long by one inch wide, was placed three inches 
deep into the middle of the clay ; and a second platinum wire con- 
ifected with the positive pole, was plunged into the water in the 
basin, to the same depth. Within a fortnight took place in 

thp clay in contact with the negative wire ; and in six or eight 
weeks, these fissures filled with water, which was drawn up two 
inches above the level -of the water in the basin. A small pool of 
water was formed round the negative wire, which at last overflowed 
and trickled constantly into the basin below. Here, then, was a 
constant electrical spring. 
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2®. Here the experiment was varied; but the apparatus was 
precisely similar. In this, both wires were plunged three inches 
deep into the same pot of moist pipe-clay, at the opposite sides, but 
about three-quarters of an inch from each side. Within a fortnight, 
fissures took place at the negative, but none at the positive wire. 
In a month or six weeks more, these fissures filled with water, which 
overflowed, and after a day or two elhed, and then again overflowed, 
and so on, being apparently acted on by change of weather, Mr. 
Crosse generally found the spring overflowing when •the barometer 
was very low, and the reverse when it was Mgh, Here then was an 
electrical intermittent spring, 

(515) In subsequent experiments, Mr. Crosse found it better to 
employ porous earthen pots, open at the top and bottom, filled 
within an inch of the top with pipe-clay kneaded with water to the 
consistence of putty, and plunged into a basin — ^three platinum 
wires issuing from one stout wire connected with the negative 
extremity of the battery, being plunged three inches deep into the 
clay ; and a group of six platinum wires issuing from one connected 
wdth the positive pole, being immersed to the same depth in the 
water. With this arrangement, if the battery is active, the water 
will rise in one night half an inch above the surface of the clay 
in the pot, the lip of which, together with the whole rim, to the 
depth of an inch, is glazed. Under the lip is placed a small shoot of 
sheet copper, to convey the water, as it falls drop by drop from the 
lip, to a graduated glass vessel. In one experiment, Mr. Crosse 
mixed dilute sulphuric acid with pipe-clay instead of distilled water. 
Not one drop of wgfer was raised upwards to the negative wire ; but 
the water in the basin, which was also acidulated with the same acid, 
"was changed to a most beautiful rose-red. In a letter received from 
Mr. Crosse, addressed to the author, in the beginning of the year 
1840, he says: “ My- two springs — ^the one constant, the other inter- 
mittent — are in as good action as ever. The* intermittent one over- 
flows generally w^hen the barometer is somew'hat below 29® ; and is 
generally dry when the barometer is above that point. A row of 
open porous pitchers being filled with pipe-clay, all their lips turned 
the same way and all negatively electrified, may yield a succession of 
drops, which being collected in a shoot, may be used to turn a small 
water-wheel, thus producing perpetual motion; and provided the 
power he found equivalent to produce such increased effect, it may be 
applied in the most important ways. Also, the fissures formed in 
the clay at the negative pole, may be converted into metallic lodes, 
by mineralizing the water in the basin with metallic and other 
solutions : this I have already done,^^ 
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(516) The author’s first repetition of these extraordinary experi- 
ments was not attended with successful results. By employing, 
however, a salt-and-water battery, of forty pairs, the observations of 
Mr. Crosse were verified in a most satisfactory manner.. After a 
continued action of about eight weeks, several ounces of water were 
drawn to the negative wire upwards of three inches above the level 
of the water in the exterior basin ; and after the lapse of thirteen 
weeks there was a continual flow of water over the top and sides of 
the porous jar^ amounting to upwards of an ounce daily. Common 
river-water was employed to fill the basin and to knead the pipe- 
clay. The odour of chlorine from the positive wire was very marked. 

(517) The motion of fluids from the positive to the negative pole 

of the closed voltaic circuit has more recently been .investigated by 
Wiedemann*. {Silliman^s Journal^ Nov. 1852 ; Mag.^ N. S., 

vol. iv. p. 546.) The apparatus employed by this physicist consisted 
of a porous earthenware cell, closed at the bottom, and terminated 
above by a glass bell, firmly cemented to the upper edge of the 
cylinder. Into the tubulure of the bell a vertical glass tube was 
fitted, from which a horizontal tube proceeded so as to permit the 
fluid raised to flow over into an appropriately-placed vessel ; a wire, 
serving as the negative pole of a battery, passed down through the 
glass bell into the interior of the porous cylinder, where it termi- 
nated in a plate of platinum or copper. Outside the porous cylinder 
another plate of platinum was placed, and connected with the 
positive pole of the battery. The whole stood in a large glass vessel, 
which, as well as the interior porous cylinder, was filled with water. 
The intensity of the current was measured by a g^alvanometer. As 
soon as the circuit was closed, the liquid rose in the porous cylinder 
and flowed out from the horizontal tube into a weighed vessel. The 
results are summed up by Wiedemann as follows : 1®. The quantity 
of fluid which flows out in equal times is directly proportional to the 
strength of the current*; 2°. Under otherwise equal conditions, the 
quantities of fluid flowing out, are independent of the. magnitude of 
the conducting porous surface ; 3®. The height to which a galvanic 
current causes a fluid to rise is directly proportional to the extent of 
the porous surface ; 4°. The force with which an electric tension 
present upon both sides of a section of any given fluid, urges the 
fluid from the positive to the negative side, is equivalent to a hydo- 
static pressui'e which is directly proportional to that tension. 

The above laws only hold good for fluids of the same nature. 
When different fluids are subjected to the action of the currents, 
the mechanical action is greatest upon those which oppose the 
greatest resistance to its passage. 
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(618)* To return to the consideration of the secondary results of 
decomposition : it appears that there are two modes by which sub- 
stances may be decomposed by the voltaic battery ; Ist, by the direct 
force of the current ; and 2ndly, by the action of bodies which that 
current may evolve. There are also two modes by which new com- 
pounds may be formed, L e. by combination of evolving substances 
whilst in their nascent state directly with the matter of the elec- 
trodes ; or else their combination with those bodies, which being 
contained in, or associated with, the body suffering decomposition, 
are necessarily present at the anode and cathode. When aqueous 
solutions of bodies are used, - secondary results are exceedingly 
frequent. They are not, however, confined to aqueous solutions, or 
cases where water is present. Whenever hydrogen does not appear 
at the cathode, in an aqueous solution, it always indicates that a 
secondary action has taken place there. 

(519) A series 6f admirable papers, on the electrolysis of’ secon- 
dary compounds, w^as published in the Philosophical Transactions by 
the late professor Daniell, of King’s College. The primary object of 
these researches was, the determination of the relative proportions of 
the decompositions both of water and salt, when various saline solu- 
tions w'ere subjected to the action of the voltaic current, and their 
relation to tlie amount of electrolytic force in action, with a view to 
increase our knowledge of the constitution of saline bodies in general. 

(520) From an elaborate series of experiments on the sulphates of 
soda, potash, and ammonia, phosphate of soda, nitrate of potash, &c., 
it appeared, “ that in the electrolysis of a solution of a neutral salt 
in water, a current which is just sufficient to separate single equiva- 
lents of oxygen and hydrogen from a mixture of sulphuric acid and 
water, will separate single equivalents of oxygen and hydrogen from 
the saline solution, while single equivalents of acid and alkali will 
make their appearance at the same time at the respective elec- 
trodes;” and further experiments showed, that whenever dilute sul- 
phuric acid is used, there is a transfer of acid towards the zincodc or 
anode, the quantity scarcely ever exceeding the proportion of one- 
fourth of an equivalent, as compared wdth the hydrogen evolved. 
Mr. Daniell thought possibly this might be owing to the acid being 
mechanically carried back to the platinode (cathode), as in all cases 
there is a mechanical connection of the liquid from the anode to the 
cathode ; and this is greater in proportion to the inferiority of its 
conducting power. If, howfever, this deficiency of acid were owing 
to the mechanical re^transfer, mechanical means, such as increasing 
the number of diaphragms, would stop it ; the proportion, however, 
wBs, even under these circumstances, still maintained. No difference 
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was observed, whether the oxygen was allowed to escape* from a 
platinum anode, or whether it was absorbed by copper or zinc : the 
metals, of course, being dissolved in proportions equivalent to the 
hydrogen developed at the cathode. Solution of potash, baryta, or 
strontia, similarly treated, exhibited a transfer of about one-fourth of 
an equivalent towards the cathode. 

(521) In order to remove the ambiguity which might thus possibly 
be conceived to arise from the emplpyment of dilute sulphuric acid, 
as the measifrer of the electrolytic force, the following arrangement 
■was substituted for the voltameter: a green glass tube (into the 
bottom of which, as a Cathode, was welded a weighed platinum wire) 
was filled with chloride of lead, maintained in a state of fusion by a 
spirit-lamp ; the corresponding anode was made of plumbago. At 
"the termination of the experiment, the tube was broken, the wire 
and adhering button of lead Tveighed ; and the result showed, that 
“ the same current which is just sufficient to resolve an (equivalent of 
chloride of lead, which is a simple electrolyte unaffected by any asso- 
ciated composition, into its equivalent tons, produces the apparent 
phenomena of the re-solution of w’ater into its elements, and at the 
same time, of an equivalent of sulphate of soda into its proximate 
principles.” 

(522) Aqueous solutions of the chlorides were next tried, as the 
simple constitution of this class of salts promised to throw light 
upon the nature of the electrolysis of secondary compounds. A 
weighed plate of pure tin was made the anode of a double cell of 
peculiar construction, which was charged with a strong solution of 
chloride of sodium, and a tube of fused chloride of lead, as before, 
included in the circuit. Not a bubble of gas appeared on the tin 
electrode, and no smell of chlorine was perceptible ; but hydrogen in 
equivalent proportion to the quantity of tin dissolved, was given off 
at the cathode ; and the cell contained an equivalent proportion of 
free soda. One equivalent of lead was reduced in the voltameter 
tube. Muriate of ammonia treated in the same way, gave precisely 
similar results, proving it to be “ an electrolyte,” whose simple anion 
was chlorine and compound cathion nitrogen, with four equivalents 
of hydrogen. Its electrolytic symbol, therefore, instead of being 
(Cl -f H) + (N + 3 H) is Cl + (N + 4 II), confirming, in a 
striking manner, the hypothesis of Berzelius, of the base (N + 4 H) 
called ammonium. . 

(523) In discussing the results of all these experiments, we must 
bear in mind the fundamental principle, “ that the force which we 
have measured by its definite action at any one point of a circuit, 
cannot perform more than an equivalent proportion at any other 
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point of the same circuit.” “ The sum of the forces which held 
together any number of ions in a compound electrolyte, could, more- 
over, only have been equal to the force which held together the 
elements of a single electrolyte, electrolyzed at the same moment in 
one circuit.” 

(524) In the electrolysis of the solution of sulphate of soda, and 
many of the other salts, water seemed to be elqj trolyzed ; at the 
same time acid and alkali appeared in equivalent proportion with the 
oxygen and hydrogen at the respective electrodes. “ We must con- 
clude,” says Mr. DaniellJ “ from the above-mention^ principle, 
that the only electrolyte which yielded, was the sulphate of soda, 
the ions of wdiich were not, however, the acid and alkali of the salt, 
but an anion, composed of an equivalent of sulphur and four equiva- 
lents of oxygen, and the metallic catl^on, sodium. From the former, 
sulphuric acid w’as formed at the anode, by the secondary action and 
evolution of one equivalent of oxygen ; and from the latter, soda at 
the cathode, by the secondary action of the metal and the evolution 
of an equivalent of hydrogen.” 

(525) To avoid circumlocution (but only when speaking of elec- 
trolytic decomposition), Mr. Daniell proposes to adopt the word ion, 
introduced by Dr. Faraday, as a general termination, to denote the 
compounds w'hich in the electrolysis of a salt pass to the anode ; and 
that they should be specifically distinguished by prefixing the name 
of the acid slightly modified, as is shown in the following table ; — 

Ordinary Chemical Formula. Electrolytic Formula. 

Sulphate of copper (S + 3 0) + Cu + O) = S + 4 0) + Cu oxysulphiou of copper. 
Sulphate of soda (S-fS 0) + (Na-f-0) = (8 + 4 0) + Na oxysulphiou of sodium. 
Nitrate of potassa (N4-5 0)-f (Ka + 0) = (N + 6 0)4-Ka oxynitrion of potasBium. 
Phosphate of soda (P-h 3 iO)-i-(Nad-O) = (P4-440) + Na oxyphosph. of sodium. 

(52G) The following experiments, strongly favouring the above 
view, wTre made by Professor Daniell: — 

A small glass bell, with an aperture at top, had its mouth closed, 
by tying a piece? of membrane over it. It was half filled with a dilute 
solution of caustic potassa, and suspended in a glass vessel, contain- 
ing a strong neutral solution of sulphate of copper, below the surface 
of which it just di 2 )ped. A platinum electrode, connected with the 
last zinc rod of a large constant battery of twenty cells, was placM 
in the solution of potassa ; and another connected with the copper 
of the first cell was placed in the sulphate of copper immediately 
under the diaphragm which separated the two solutions. The circuit 
conducted very readily and the action was very energetic. Hydro- 
gen was given off at the cathode in the solution of potassa, and 
oxygen at the anode in the sulphate of copper. A small quantity of 
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gas was also s6en to rise from the surface of the diaphragm. In 
about ten minutes, the lower surface of the membrane w^s found 
beautifully coated with metallic copper, interspersed with oxide of 
copper of a black colour, and hydrated oxide of copper of a light 
blue. The explanation of these phenomena is this — In the experi- 
mental cell we have two electrolytes, separated by a membrane, 
through both of which the current must pass to complete the circuit. 
The sulphate of copper is resolved into its compound anion, sulphuric 
acid + oxygen (oxysulphion), and. its simple cathion, copper. The 
oxygen of the former escapes at the zincode, but the copper in its 
passage to the platinode, is stopped at the surface of the second 
electrolyte, which, for the present, we may regard as water, improved 
in its conducting power by potassa. The metal here finds nothing 
by combining with which it |fi>n complete its course; but, being 
forced to stop, yields up its charge to the hydrogen of the second 
electrolyte, which passes on to the cathode, and is evolved. The 
corresponding oxygen stops also at the diaphragm, giving up its 
charge to the anion of the sulphate of copper. The copper and 
oxygen thus meeting at the intermediate point, partly enter into 
combination, and form the black oxide ; but irom the rapidity of the 
action, there is not time for the whole to combine, and a j)ortion of 
the copper remains in a metallic state, and a portion of the gaseous 
oxygen escapes. ’ The precipitation of blue hydrated oxide doubtless 
arose from the mixing of a small portion of the two solutions. 
Nitrate of silver, nitrate of lead, proto-sulphate of iron, sulphate of 
palladium, and proto-nitrate of mercury, wrere similarly treated, and 
afibrded analogous results, somewhat modified by the nature of the 
metallic base. Sulphate of magnesia was subjected to the same 
process in hopes of finding magnesium, but magnesia alone was 
deposited. 

(527) The theory of ammonium, as proposed by Berzelius, and 
the hypothesis of Davy, developing the general analogy of all salts, 
whether derived^from oxy acids or hydracids, may, by this evidence, 
especially when taken in conjunction with the recent researches on 
the constitution of organic bodies, be considered as almost experi- 
mentally demonstrated. 

•(528) The bisalts yield results which, at first sight, do not accord 
with the preceding deductions: a strong solution, for example, of 
pure crystallized bisulphate ’of potassa was made, and its neutralizing 
power carefully ascertained by the alkalimeter. Evaporation and 
ignition with carbonate of ammonia, gave the quantity of neutral 
sulphate yielded by a certain measure of the solution. An equal 
measure was then placed in each arm of the double diaphragm 
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cell,* and the current passed through till 70*8 cubic inches of mixed 
gases were collected : half the solutions from the anode and cathode 
were then separately neutralized, and half evaporated and ignited in the 
vapour^f carbonate of ammonia. It was then found that the ano^e 
had gained eighteen grains, and the cathode lost nineteen of free 
acid: of potassa, the anode had lost 9 9 grains, and the cathode 
gained an equal quantity. Thus, though the solution conducted veiy 
well, not more than one-fifth of an equivalent of the potassa was 
transferred to the cathode, as compared with the hydrogen evolved ; 
while half an equivalent of acid was -transferred to the anode a 
whole equivalent of oxygen was evolved. On this experiment Mr, 
Daniell remarks : — 

“ I think we cannot hesitate to admit, that in this case the current 
divided itself between two electrolytgs, that a part was conducted by 
the neutral sulphate of potassa, and a larger part by the sulphuric 
acid and water. It is a well known fact, that the voltaic current will 
divide itself between two or more metallic conductors in inverse pro- 
portion to the resistance which each may offer to its course : and that 
it docs not in such cases choose alone the path of least resistance. 
Analogy would lead me to expect a similar division of a current 
between two electrolytes; but I am not aware whether such a 
division has ever before been pointed out.” 

* This apparatus, which was found by Daniel very useful in his experiments on 
the electrolysis of secondary compounds, is shown in Fig. 210, and is thus 
described by its author {Introduction to Chemical Philosophy ^ 2nd edit., p. 533) : — 


Fig. 210. 



A and B are the two halves of a stout glass cylinder, accurately ground so as to fit 
into two half cylinders, which, when adjusted, cover it entirely. The two rims 
of the ring are each cut down to a shoulder, to admit of a thin piece of bladder 
being tied over them to form a kind of drum. At K is a smaU hole to admit of 
the cavity being filled with a liquid. D and E are two stout bent tubes, fitted to 
the two half cylinders, for coUecting the gases evolved in the experiments ; g 
and h are two circular platinum electrodes, connected with the battery by the 
wires if. The apparatus, when adjusted, forms three compartments, each of 
which may be filled with the same or a different liquid, and the whole may be 
supported oil a wooden frame. 
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(529) These considerations enable ns to explain the apparent 
anomalies in the electrolysis of diluted sulphuric acid and alkaline 
solutions alluded to. The results are explained by supposing that 
the. solution is a mixture of two electrolytes: wdth sulphuiic acid, 
they are H + (S + 4 O) oxysulphion of hydrogen ; (H + 0) water. 
The current so divides itself, that three equivalents of water are 
decomposed, and one equivalent of oxysulphion. of hydrogen. 
Analagous changes occur with the alkaline solutions, the alkaline 
metal passing as usual to the cathode. 

According to Professor Danicll’s view of Paraday’s beautiful ex- 
periments with sulphate of magnesia (481), the first electrolyte was 
resolved into a compound anion, sulphuric acid + oxygen, which passed 
to the anode, and the simple cathion magnesium, which on its passage 
to the cathode was stopped at the surface of the water from not 
finding any ion, by temporarily combining with which, it could be 
further transferred according to the laws of electrolysis. At this 
point, therefore, it gave up its charge to the hydrogen of the water, 
which passed in the usual manner to the cathode, and the circuit was 
completed by the decomposition of this second electrolyte. The 
corresponding oxygen, of course, met the magnesium at the point 
where it was arrested in its progress, and, combining witli it, 
magnesia was precipitated. This combination of the oxygen and 
metal is looked upon by Professor Daniell as a secondary result, due 
to the local affinity of tlie elements thus brought into juxta-position, 
and in no w’ay connected with the primary phenomena of the current, 
which would have completed its course, whether this combination 
had taken place or -not ; i, e. whether magnesium and oxygen had 
been separately evolved, or whether magnesia had been formed by 
the combination of the two. It also seemed probable that, although 
in the very slow action of this experiment this combination invariably 
took place, by varying the experiment so as to evolve metals possess- 
ing difierent degrees of affinity for oxygen, and particularly by 
shortening the time in which the evolution might take place, instances 
might be found of some portion of the metal escaping this combina- 
tion, which would thus afibrd the most incontrovertible proof of the 
point to be established. Professor Daniell was thus led to the 
experiment above detailed. 

(530) Voltaic reduction of ores, M.M. Dechaud and Graultier de 
Claubry in Prance, and Messrs. Napier, Eitchie, and Crosse in this 
country, have made metallurgical applications of BecquerePs discovery 
of the chemical actions determined under the influences of feeble 
electric currents, and the latter gentlemen have patented their pro- 
cesses. The following are the data on which the apparatus of the 
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Trench chemists is based : (Comptes Bendm^ June 2, 1813.) If we 
place upon each othei* two solutions, the one of sulphate of copper, 
and the other of sulphate of iron, the former being the densest, place 
in the sulphate of copper a plate of metal forming the cathode, and 
in the sulphate of iron a piece of cast iron, and unite the two metals 
by a conductor, the precipitation of copper immediately commences, 
and is completed in a longer or shorter space of time, depending on 
the temperature, or the concentration of the liquids, and on the 
extent of the metal surfaces. In applying this process tq metallurgy, 
a wooden box lined with^ lead, or protected by proper varnish, con- 
tains the sulphate of iron ; an opening above introduces the liquid at 
a given degree of density, and another below permits the concentrated 
solution to pass away. Into this are immersed cases formed of a 
frame the ends and bottom of which are of sheet lead, and the lateral 
sides of which are furnished with a sheet of pasteboard; a lower 
opening gives entrance to the saturated solution of sulphate of 
copper, and another opening higher up, gives exit to the exhausted 
sulphate. In each case is placed a shaet of lead, between them, and 
also on tlm outside of the two extreme cases are plates of cast iron ; 
distinct conductors affixed to each plate make it communicate with a 
common conductor placed outside the apparatus. The two solutions 
arc supplied from appropriate reservoirs. The density of the liquids 
is regulated once for all, and the apparatus goes on working for 
months together without requiring any kind of care*; at a tempera- 
ture of 6(5"^ Tahr. 1T9 square yards of surface receives 2*2 lbs. of 
copper in tw^enty-four hours. The metal is pure and constant in its 
physical character. The Committee appointed by the French 
Academy, consisting of M.M. Berthier, Dumas, and Becquerel, 
reported favourably upon this process, remarking, how^ever, that it 
required that the ores to be transformed should be converted entirely 
into sulphate, in which the wffiole industrial question consists. 

(531) The following is an extract from Mr. Eitchie’s patent: (sealed 
October 13th, 18-14, enrolled April 10th, 1815', Repertory of Patent 
Inventions, June, 1815.) “ The solution of the calcined ore is placed 

in a rectangular vessel of any required length ; on the upper surface 
is placed a solution of sulphate of iron to be used as the exciting 
solution ; thus prepared, the generating plate (a surface of cast iron), 
is introduced, w'hich is connected by copper or other conducting 
material with a plate of lead or suitable metal, having an equal extent 
of surface with the cast iron; and these plates, or .surfaces so con- 
nected, being introduced into solutions in the vessels, the copper in 
the solution will be quickly deposited. It will be found that in the 
course of working, the solution of sulphate of copper, which at start- 
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ing is a saturated solution, will become at its upper part* lighter than 
lower down, and the patentee prefers that it should be drawn off 
when it has lost half its copper, and it is evident that the solution of 
sulphate of iron, -which at starting is made by mixing two parts of 
water with one of saturated solution, will become, at its lower part, 
of greater specific gravity than the upper part ; and he prefers to 
draw off tlie solution when it becomes as dense as the weaker solution 
which is being drawn off.” 

(532) Mi; Napier’s process is thus specified : (JRepertory of Patent 
Inventions, July, 1845.) “I take a large crucible, or other con- 
venient vessel, made of an electro-conducfcing material ; those I have 
used being plumbago (common black lead) ; the inside of this vessel I 
line all round with a lute of clay, except the bottom, which I leave 
uncovered ; the luting should be very thin, and laid on in two or 
three coats, drying slowly between each, so as to prevent cracking. 
When the vessel is sufficiently luted and dried, I put therein (with 
the usual fluxes) the regulus or calcined ore, which, when sulphurets 
are used, should have been well roasted, so as to drive off as much ns 
possible of the sulphuret ; I then place the vessel with its contents in 
an ordinary air-furnace, keeping up the heat until the mass is in a 
state of fusion. In the meantime, I have prepared an ordinary voltaic 
battery of copper and amalgamated zinc cKarged with acidulated 
water, one part sulphuric acid, twenty-five parts water. To tlie 
positive wire of this battery I attach an iron rod, having rivetted at 
right angles to its extremity a flat disc of iron, the disc being a little 
smaller than the inner circumference of the crucible ; to the negative 
wire of the battery, I attach a simple rod or bar of iron. The matter 
in the crucible being in a state of fusion and well fluxed, I place the 
above-mentioned disc of iron, which will now form the positive pole 
of the battery, on the surface of the fused mass, and keep the rod 
which is connected with the negative pole in contact w ith the outside 
of the crucible, the bottom of which thus forms the negative pole. 
The fused matter now forms a portion of the electric circuit, and the 
heat being kept up, the metal is gradually reduced and deposited at 
the bottom of the crucible. The proportions I have found suitable 
are as follows : For every hundred weight of regulus of 30 per 
cent, of metal, I employ a battery of five pairs of plates, the size of 
the zinc plates being three feet square, and the copper doubled round 
the zinc in the usual way. The size of the pole should be smaller 
th4n the zinc plates. With apparatus of these proportions, the time 
for extracting the metal varies from one to two hours. The metal 
80 extracted may be refined when necessary in the usual way.” 

(633) In the specification of his patent, Mr. Crosse describes his 
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invention as follows: {Bepert. Pat, Invent. N.B, 21, p. 235.) “I 
cause the ore' to be calcined, and then reduced to powder, and I 
einploj*an apparatus, consisting of a tub or vessel, which I prefer to 
be of wood or earthenware ; at the bottom o3 this vessel I apply a 
frame of strong platinum wire, of the dimensions of the interior 
the vessel ; the frame has formed on it reticulate platinum wire- work 
or netting, with meshes of about an inch each way. The frame and 
netting is lowered down on, and covers the ore placed on, the bottom 
of the vessel ; a platinum wire is connected to the frame, and also 
with the positive pole of a DanieU’s battery. The connecting 
platinum wire is covered with gutta percha when working with cold 
liquid, and with other non-conductor when the liquid is heated, from 
the point where- it is connected with the frame up to a point above 
the vessel, so that the fluid within may not come in contact with the 
wire. The battery which I have employed when acting with a vessel 
containing about 250 or 300 quarts of diluted acid, consists of twenty 
pairs of plates, each in a gallon glass vessel, which I fill with a 
saturated solution of sulphate of copper, and add one twentieth to 
one-tenth of sulphuric acid. To the negative pole of the battery I 
affix a copper wire, and to the other end of such wire I (by three or 
more smaller ones) suspend a basin of wood w’hich is lined on the 
insid(? with sheet copper, and I cover this lining with a cover of 
copper- wire netting, which consists of about one-inch meshes ; the 
copper lining is in contact with tlie suspending wires. Into the 
vessel I put about 230 to 235 quarts of diluted sulphuric acid, using 
about five quarts of sulphuric acid of commerce to 230 quarts of 
water ; into this liquid I introduce about 151b. of the powder of 
calcined ore, stirring the fluid as the powder descends. 

“ I have found it desirable that the ores should remain in the dilute 
acid some three or four days before subjecting the same to electric 
currents, stirring from time to time ; after which, and immediately 
after stirring, I introduce the frame of platinum w^ire, and then the 
battery being charged, the process of separating the copper will 
immediately go on, and the copper will be received into the basin in 
the form of a powder ; the process *of separating ^ the copper 
requires some days, aiffi I have not found that the acid solution 
requires to be added to, during the process ; the other metals separated 
from the copper will be in the sediment at the bottom of the vessel, 
and when the process is completed, or judged to be completed, the 
liquid is run off w ith the remaining or sediment matter at the bottom 
of the vessel, and the vessel is again to be charged. If, on testing 
the deposited matters, after they have been run off and allowed to 
subside, they indicate a material quantity of copper, I again calcine 
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them and add them to calcined ores, or a quantity of subsided matter 
in the vessel may, before being run off from the bottom of the vessel, 
be tested to ascertain whether it is desirable to carry on the process 
further thereon. The dilute acid run off from the subsided matters 
may be used again. I have found it desirable, to heat the liquid 
during the process as much as conveniently may be done, even up to 
boiling, and this I have done when using earthenware vessels by 
means of a sand-bath.” 

(534) Mr# Crosse has also patented a process for extracting or 
separating impurities or matters from fermentable, fermented, and 
other liquids, by electric action.” {Rep. Rat. Inven. N.S. 10, 1847, p. 
231.) Supposing the liquid to be wine, or cyder, or other ferment- 
able liquid, he immerses in the cask two porous tubes, the upper 
part of which comes above the liquid; into one tube he places a 
cylinder of zinc, and in the other a cylinder or coil of iron, connect- 
ing the two together by a metallic strip. The tubes are then filled 
with water ; an electric action is set up in the liquid which is con- 
tinued till the necessary degree of attenuation has been obtained, 
when the liquid is removed, cashed off, and closed up. He states 
that this prpeess materially improves the character of the liquid, and 
tends to prevent its becoming acid. In applying the process to the 
purification of sea water, he first causes the water to be distilled 
once, and then operates by electric action as above described ; the 
impurities of the water are precipitated, and gaseous matter is 
evolved, and any acid and alkaline properties go to the porous tubes ; 
the water is thus purified. The same gentleman has likewise patented 
a process for applying electric or galvanic effects in the pots or 
vessels in which hides or skins are under process of tanning, for an 
account of which see Repert. Rat. Invent. N.S. 15, 1850, p. 35. 

(535) Electro-metallurgy . — In our historical account of the sul- 
phate of copper battery of Daniell it was stated, that on completing 
the circuit, the electrical current passes freely through the metallic 
solution ; that no hydrogen makes its appearance on the conducting 
plate, but that a beautiful pink coating of pure copper is deposited 
on it, and thi^^ perpetually renews its surface. In the discovery of 
this battery, then, we find the origin of electro-metallurgy; for it 
appears that in his earlier experiments it was noticed by Mr. Daniell 
that on removing a piece of the reduced copper from a platinum 
electrode, scratches on the latter were copied with accuracy on the 
copper, and Mr. De la Bue, later, in a paper in the Phil. Mag.,* 
detailing some experiments with a voltaic battery of ordinary con- 
struction, charged with sulphate of copper, made the observation 

Vol. ix. p. 491. 
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that the copper plate is covered with a coating of metallic copper, 
which is continually being deposited ;** and he proceeds to remark, 
“ so perfect is the sheet of copper thus formed, that on being stripped 
off it has the polish and even a counterpart of every scratch of the 
plate on which it is deposited.** On reading this passage at the 
present time, when the art of electro -metallurgy is so extensively 
practised, we can hardly resist a feeling of surprise that the applica- 
tion of the facts discovered by Daniell and De la Rue did not occur 
to either of these gentlemen. They were, however, probably too 
intent on the battery itself to attend to any collateral circumstances, 
and it was left for Jacobi in Russia, and Spencer in this country, to 
do so. The process of the former distinguished philosopher was 
called Galvanoplastic that of Mr. Spencer, JElectrograpJiy.'*' 
And though it is quite certain that the discovery was made by each, 
independent of the other, the priority must be given to Jacobi, who 
states in the preface of his “ Galvanoplastic,*** that it was in the 
month of February, 1837, while prosecuting his galvanic investiga- 
tions, that, he discovered a striking phenomenon which presented 
itself in his experiments, and furnished him with perfectly novel 
views ; and Mr. Spencer, in his pamphlet, f informs us that his first 
results were obtained in 1838. 

(536) The description of an original experiment is generally 
interesting ; it is always so when connected with a subject of much 
practical importance. We shall therefore insert Mr. Spencer’? 
account of his first successful experiment in electrography : J “1 
selected a very prominent copper medal. • It was placed in a voltaic 
circuit, and a surface of copper deposited on one of its sides to about 
the tliickness of a shilling. I then proceeded to get the deposition 
off. In this I experienced some difficulty, but ultimately succeeded. 
On examination with a lens, every line was as perfect as the coin was 
from which it was taken. I was then induced to use the same piece 
again, and let it remain a much longer time in action, that I might 
have a thicker and more substantial mould, in order to test fairly the 
strength of the metal. It was accordingly again put in action, and 
let remain until it had acquired a much thicker coat of the metallic 
deposition ; but on attempting to remove it from the medal, I found 
I was unable. It had apparently completely adhered to it. I had 
often practised, with some degree of success, a method of preventing 
the oxidation of polished steel, by slightly heating it until it would 
melt fine bees’ wax : it was then wiped apparently completely off, 
but the pores or surfaces of the metal became ’impregnated with the 

• Translated from the German edition, by Wm. Sturgeon. 

t Griffin’s S<iientific Miscellany, No. iv. p. 33. t See his Pamph. p. 33. 
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wax. I thouglit of tills method, and applied it to a copper coin. I 
first heated it, applied wax, and then wiped it off so completely that 
the sharpness of the coin was not at all interfered with. I proceeded 
as before, and deposited a thick coating of copper on its surface. 
Being desirous to take it off, I applied the heat of a spirit-lamp to the 
back, when a sharp crackling noise took place, and I had the satis- 
faction of perceiving that the coin was completely loosened. In 
short, I had a most complete and perfect copper mould of one side of • 
a halfpenny.'’* 

(537) The first kind of apparatus employed by Mr. Spencer was 
simply a common tumbler to hold the copper solution, and a gas-glass 
having one end closed with brown paper, or plaster of Paris, to con- 
tain the saline solution ; the coin to be copied, and a piece of zinc of 
equal size, were attached to the extremities of a piece of copper wire. 
The gas-glass being fixed in the axis of the tumbler, the zinc was 
placed in it, and the copper wire bent in such a manner as to bring 
the coin immediately under it in the copper solution. The battery 
process is subsequently described by Mr. Spencer, but he gives 
no method of depositing , copper on any surface but a metallic 
one. In Jacobi’s pamphlet, however, which was published at St. 
Petersburg in March, 1840, the use of plumbago, for giving a con- 
ducting surface to non-metallic substances, and so enabling them to 
answer all the purposes of metallic originals, ^s distinctly alluded to. 
It appears, however, that Mr. Murray has the merit of having 
introduced this discovery into this country ; and the Society of Arts 
have recorded their sense of its value by presenting this gentleman 
with a silver medal. The employment of the battery was first 
suggested by Mr. Mason, who, by connecting a piece of copper with 
the anode in a second cell, the object to be copied being connected 
with the cathode, showed that the quality of the copper was much 
better than when reduced in the single cell apparatus, besides the 
great advantage that was gained by the unlimited number of opera- 
Fig. 211. tions that may be going on at the same time. 

(538) Pig. 211 represents the single cell apparatus. 
Z is a rod of amalgamated zinc ; the mould ; 
the wire joining them ; c, the copper solution ; p, a 
tube of porous earthenware, containing a solution of 
acid and water. To put this in action, pour in the 
copper solution, fill the tube with the acid water, and 
place it as shown in the figure. Last of all put in the 
bent wire, having the zinc at one end, and the mould 
at the other. It is essential that the copper solution 
be kept saturated, or nearly so ; with which view the 
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perforated shelf must be kept well furnished with crystals of sulphate 
of co 2 )per. The mould must not be too small in proportion to the 
size of the zinc, and the concentrated part of the solution must not 
be allowed to remain at the bottom, or the copy will be irregular in 
thickness. 

Fig. 212 represents the battery apparatus. A is a cell of Daniell’s 
battery (or Smee’s may be used) ; B is the decomposition cell, filled 


Fig. 212. 



with the dilute acid solution of sulphate of copper ; c, the sheet of 
copper, to furnish a supply ; vi, the moulds to receive the deposit. To 
charge tliis, pour in the several solutions, and connect the wire z 
with the copper sheet and the copper of the battery. Last of all, 
attach the wire x to the zinc and the moulds. The charging liquid 
is a mixture of one part sulphuric acid, two parts saturated solution 
of sulphate of copper, and eight parts water. AVhen the circuit is 
complete, the copper from the solution is transferred to the mould, 
and the copper sheet is dissolved, being converted, with the sulphuric 
acid, into sulphate of copper, thus keeping up the strength of the 
solution. Bather a longer time, is required by this method than 
with the single cell, but two days will 
produce a medal of very good substance, 
firm and pliable: the time required, 
however, for these experiments, depends 
much oil the temperature. If the solu- 
tions are kept boiling, a medal may be 
made in a few hours : in severe w'eather, 
the action of the battery almost ceases, 
and it is necessary to carry on the opera- 
tions before a good fire. 

Big. 213 represents a form of electro- 
type trough, to be used without acid or 
mercury. It consists of a wooden box, 
well varnished in the interior, and divided 
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into two miequal cells by a partition of porous wood. Tlie larger 
cell is filled with a saturated solution of sulphate of copper; the 
smaller, with a half saturated solution of muriate of ammonia. In 
the former is a shelf, containing a supply of crystals. The zinc 
plates employed for this are jpure. This is a matter of some import- 
ance, because there then is no need of amalgamation to destroy local 
action ; and the instant the circuit is interrupted all action ceases. 
Ordinary zinc may be used, but less power is obtained. This^form of 
apparatus m&y be used as a single cell, or with a decomposition trough. 
It must not be expected that the action will be equally quick with that 
resulting from the addition of acid, but it will be sure — perhaps 
more so than in the other instance ; for it must be borne in mind, 
that in “ electrotype manipulation the failure in nine cases out of ten 
results from the power of the battery being too strong^ and not from 
its being too weak.” — Walker, 

(539) Eor taking off cop- 
per plates, the apparatus 
shown in Pig. 214 may be 
employed ; and by adopting 
the arrangement shown in 
Pig. 215, six electrotypes 
may be taken off at the 
same time. A is the bat- 
tery, B the trough, z the 
wire connecting the copper plate C with the copper cell of the 
battery, x the wire connecting the mould wdth the zinc of the 
battery, a a a a a five bent wires, each having a mould at one end, 
and a piece of copper at the other. The following directions are 
given by Mr. Walker for charging this trough. “ Connect the 
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copper plate C with the battery : place a wire with its extreme ends 
dipping in the extreme cells of the trough ; then, having previously 
connected the zinc and mould with the wire a?, place the zinc in the 
porous cell, and the mould in its place at w ; in about two minutes 
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it will be covered with copper. After this there is no fear of chemical 
action ; then remove the end of the copper wire from the cell con- 
taining w, and place it in the next cell ; complete the circuit with 
the bent wire a, having a mould at one end, and a sheet of copper at 
the other. After waiting two minutes for a deposit of copper, remove 
the end qf the wire one cell further forward ; and so continue, till the 
six moulds are placed in.” The advantage, in point of economy, from 
using this form of decomposition trough, is at once apparent, when 
it is remembered that for every ounce of copper released from the 
solution in the generating cell, an ounce will be deposited on each 
mould, and about an otmce of zinc will be consumed in effecting this. 
Whether, therefore, one, or six, or even twenty moulds be placed in 
series, the sa4he quantity of zinc will be required ; and hence, an 
ounce of zinc may be made to furnish Electricity enough to produce, 
according to the will of the experimenter, one, or six, or more medals, 
each weighing an ounce. This follows immediately from the laws of 
definite electro-chemical action, developed by Faraday. 

(540) It may perhaps be almost unnecessary to remark that these 
metallic deposits are all secondary results of the voltaic battery. 
Water is the compound electroly^jcd, and hydrogen the element 
disengaged at the cathode by the direct action of the current ; but 
this element re-acts on the metallic solution, combining with its 
oxygen, and setting free the metal. Oxygen is also disengaged at 
the anode, but it is not set free, because it immediately meets with 
an element w ith which it can combine. So also in the processes for ^ 
gilding and silvering, where cyanides of gold and silver are employed, 
the anodes being. pure gold and pure silver. Cyanogen is the sub- 
stance disengaged at the anode, aqd though itself a compound body, 
it is capable of combining with these noble metals when presented to 
them in its nascent state, and thus a quantity of metallic salt is 
retained in the solution equivalent to that which is decomposed. 

(541) The preparation of the argento and auro-cyanide solutions 
in Elkington’s large electro-metallurgical establishment is as follows : 
{Napier.) The best yellow prussiate of potash is well dried upon an 
iron plate, and “then reduced to fine powder : carbonate of potash is 
similarly treated; eight parts of the former are well mixed with 
three of the latter. They are placed in a hot iron pot on the fire, 
and when melted, are covered and allowed to remain for about half 
an hour ; the contents are then poured upon an iron plate, and -form 
the simple cyanide of potassium. Nitrate of silver is next prepared 
and precipitated in the form of cyanide of silver by the careful 
addition of cyanide of potassium; it is well washed, and is now 
dissolved in cyanide of potassium to form the argeuto-cyanide. The 
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articles to be plated are first boiled in potash, then scoured with fine 
sand, and afterwards passed through nitric acid, and washed in boil- 
ing water. After a few seconds of electric action, they are brushed 
with a scratch brush to perfect the cleansing, and are then replaced 
to complete the plating, which process is accomplished in five or six 
hours ; after which they are burnished. The auro-cyanide is not so 
easy of preparation. The plan formerly adopted of dissolving oxido 
of gold in cyanide of potassium is not adopted now. The solution is 
prepared by electrolysis : a porous tube containing cyanide of potas- 
sium in solution, is placed within a vessel of a similar, solution ; 
within the tube is a gold anode, within the vessel the cathode* is 
placed ; the liquid is electrolyzed, and the gold being dissolved, forms 
the gilding solution, which is removed from the porous tube for use ; 
when sufficiently saturated, the liquid in the outer tube becomes a 
solution erf potash. Electro-gilding is conducted with a solution at a 
temperature of 123® Fahr. The mode of obtaining solid silver copies 
of articles much undercut is as follows : To twelve parts of glue, 
carefully melted, are added three parts of treacle, and the whole is well 
incorporated; an elastic mould of the object is taken; the object 
being removed, a cast is made in the mould with a composition con- 
sisting of three pounds of tallow and wax and half a pound of resin. 
To this composition the power of reducing silver is given by mixing 
with it some phosphorus dissolve^! in bisulphuret of carbon. It is 
removed from the mould and dipped into nitrate of silver, and to 
ensure success, is then dipped into chloride of gold, by which its 
surface becomes covered with a metallic fibre. A certain substance 
of copper is now deposited upon it, and the composition is melted 
away. The inside of the co])per mould is well cleaned, and its 
outside is protected with a mixture of tallow and pitch, wdien it is 
placed in the silver solution, and subjected to the action of the 
voltaic current until a sufficient substance of metal is deposited. 
The copper is now dissolved ofl* wdth a solution of perchloride of iron. 

(542) Metallo-chromes , — When acetate of lead is electrolyzed, 
under peculiar circumstances, it gives rise to secondary results of a 
particularly beautiful character : peroxide of lead is deposited at the 
anode, and by carefully regulating the thickness of this compound, a 
series of most magnificent colours may bo produced on a plate of 
highly-polished steel. The process recommended by Mr. Qassiot, to 
form these metallo-chromes, is this : Place the polished steel plate in a 
glass basin, containing a clear solution of acetate of lead, and over it a 
piece of card with some regular device cut out, as shown in Fig, 216. 
A small rim of wood should be placed over the card, and on that a 
circular copper disc* On contact being made from 5® to 20®, with 
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Fig. 216. 



two or three cells of a small constant battery, the steel plate being 
coi*mect(‘d with the copper or silver, and the copper disc with the 
zinc, the d(?})osit will be effected, and a series of exquisite colours 
will appear on the steel plate. These colours are not films of oxygen 
and acid, as some have imagined, but lead, in a high state ,of oxida- 
tion, thrown down on the surface of the steel, and the varied tints 
are occasioned by the varying thickness of the precipitable film, the 
liglit. being i\'fl(‘cted through them from the polished metallic surface 
below. 33y reflected light, every prismatic colour is seen ; and by 
transmitting light, a series of prismatic colours complementary to the 
first series will appear, occupying the place of the former series. 
TliB colours are seen in the greatest perfection by placing the plate 
before a window, and inclining a sheet of white paper at an angle of 
45" over it. ^ 

(513) Ozone . — Allusion was ifiade in a former chapter (2r3C) to a 
pc-cLiliar odorous principle, developed during the passage of a torrent 
of dejise sparks of Electricity, between two metallic plates enclosed 
in a cylinder of glass. Every person who has been in the habit of 
experimenting with a large electrical machine, must have remarked 
this peculiar odour, particularly during the escape of positive Elec- 
tri(*ity from a point ; the same is perceptible when lightning has 
struck an object ; and when a discharge from a large jar or battery is 
sent through several sheets of paper, it is exceedingly strong. M. 
Schooiibein appears to have been the first to notice that it accom- 
panies the electrolyzation of water : and the phenomena connected 
with its development have been minutely investigated by him, and by 
other Electricians. 

(514) The facts first ascertained by Schoonbein were these : (Jlep. 
Brit. Assoc. 1840.) 1®. The odoriferous principle developed during 
the electrolysis of water is only disengaged at the positive pole, and 
may bo preserved for an unlimited time in well closed bottles 2". It 
is destroyed by heat and by a number of ozidizable bodies 3". The 
electrical brush has the same odour and properties, and both polarize 
negatively gold and platinum. The principle is developed only in 
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very minute quantities by electrical action, but by enclosing a piece 
of phosphorus in atmospheric air at 60°, it is produced abundantly ; 
but the air must not be dry^ neither must there be present any 
oxidizaWe substances. It is not produced in pure oxygen. The 
peculiar smell is always produced in an atmosphere in which 
phosphorus emits light. 

(545) The following are the properties of ozone : It bleaches 
without reddening blue litmus paper; it decolorizes solution of 
indigo ; it is instantly destroyed by most metals, even silver is con- 
verted into oxide. Phosphorus is oxidized by it into phosphoric acid, 
iodine into iodic acid, and sulphurous and nitrous acids into sul- 
phuric and nitric ; it decomposes, and is destpyed by, sulphuretted, 
seleniuretted, and carburetted hydrogen ; it converts many protoxides 
into peroxides ; it instantly liberates iodine from iodide of potassium ; 
hence, iodized starch-paper is the best test for it ; it liberates hromine 
from bromide of potassium, converts yellow into red prussiate of 
potash, and many sulphurcts into sulphates ; it is instantly destsoyed 
by most animal and vegetable substances. Air strongly charged 
with ozone has a smell very similar to that of chlorine, bromine, and 
iodine, and when much diluted with air, the odour cannot be distin- 
guished from that developed near points of electrical emissfbn. 
Ozonized air is poisonous, acting on the animal system like chlorine, 
A mouse speedily perishes when immersed in a jar impregnated with 
it. The oxygen from electrolyzed water is not ozonized if the water 
is hot, nor if the electrodes are of oxidizable metals, nor if there be 
any oxidizable substance present. The electrical brush does not 
develop the odour if the point* from which it is passing is heated not 
quite red hot, but when the point is cooled the odour appears, and 
with it all the properties of ozone, m'., bleaching action on iodine 
starched-paper, electro negative polarization of platinum, &c., &c. 
The odoriferous principle of the electrical brush is identical with that 
disengaged at the positive electrode, and with the electro-negative 
principle resulting from the action of phosphorus on moist atmos- 
pheric air. No ozone is disengaged when the water electrolyzed is 
thoroughly deprived of atmospheric air ; but no ozone is formed by 
phosphorus in dry air, nor in pure oxygen; yet nitrogen is not 
absolutely necessary, as that gas may be replaced by carbonic acid, 
or by hydrogen, without stopping the generation of ozone. 

The luminosity of phosphorus, in ordinary atmospheric air, is occa- 
sioned by the ozonization of that substance ; phosphorus possesses 
the peculiar property of determining the formation of ozone out of 
oxygen and aqueous vapour, and of subsequently decomposing it. 
Phosphorus oxidizes in atmospheric air by the agency of ozone, and 
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this explains the reason why phosphorus does not shine in air con- 
taining oxidizable substances, such as nitrous and sulphurous acids, 
sulphuretted hydrogen, &c., bodies which take up or destroy ozone. 

(546) From his first researches, Schoenbein came to the conclusion 
that ozone is a compound of oxygen and water, an opinion likewise 
entertained, as we shall see presently, by the latest writer on the 
subject, M. Baumert ; but its properties differ from those of Thenard’s 
peroxide of hydrogen, with which, however, Schoenbein thought it 
probable that it might turn out to be isomeric, Oz®ne, doubtless, 
plays an important part in the atmosphere. Iodized starch-pa^jte is 
decomposed, and becomes blue by exposure to the open air, but not 
when enclosed in bottles of air, oxygen, or carbonic acid. The prin- 
ciple which causes this elimination of iodine is ozone set free, and 
continually developed in the atmosphere by the disturbance of the 
natural electrical equilibrium, and by atmospheric Electricity, and 
this principle would probably accumulate to an injurious extent but 
for its continued removal by oxidizable substances, organic matters, 
&c. ; and the oxidizing power of atmospheric air, so much greater 
than that of pure oxygen, is, in a great measure, to be attributed to 
the action of ozone. Dry, that is, unozonized atmospheric air does 
not, at common temperatures, act on the most oxidizable of metals, 
neither is there any reaction between dry organic substances and 
anhydrous atmospheric air. Schoenbein suggests that there may be 
other substances, which, like phosphorus, have the (catalytic ?) power 
of generating ozone — shining wood, for instance, and other organic 
substances that undergo slow oxidation in the air. The phospho- 
rescence of the sea, probably originating in the oxidation of organic 
matter, the remains of countless numbers of animals, dying daily in 
the depths of the ocean, may probably also be referred to a similar 
catalytic generation of ozone. He even suggests that the glow-worm 
may be another instance of the same kind of action. 

(547) An investigation into the nature of ozone was undertaken 
by MM. Ercmy and Becquerel. {Comp. Bend., March, 1852.) They 
found it impossible to procure this substance in quantities sufficient 
for their experiments by the electrolysis of water, neither could the 

. voltaic arc be employed, as the intense heat destroyed the ozone as 
fast as it was produced. They found, how'ever, that the secondary 
inductive spark, obtained by Bhumkorff’s magnificent apparatus, 
(which we shall hereafter describe,) acts like the common electric 
spark, and with this they made the following remarkable experi- 
ments ; — 

1°. Pure oxygen enclosed in glass tubes, together with a band of 
starched and iodized paper was electrified by means of sparks striking 
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the outside of the tube ; the paper became blue, not in consequence of 
the decomposition of the iodide, because the same effect did not take 
place in an atmosphere of hydrogen, but it depended on the electriza- 
tion of the oxygen, and that without the intervention of metallic 
particles, there being no metallic wires used in the experiment. The 
gas also acquired a peculiar odour; it lost both its odour and its 
chemical activity by exposure to iodide of potassium, but regained 
both when again electrified ; and this experiment could be repeated 
indefinitely ob the same quantity of gas. It is evident that the 
oxidizing power of electrified oxygen is not due to the presence of a 
foreign body contained in the gas. 2®. By continuing to electrify 
oxygen, the modification, as judged of by its absorbability, by alkaline 
iodide, increased for some time, but it afterwards appeared to diminish, 
the spark probably destroying that, which at first it produced. By 
sending sparks into s;nall eudiometrytubos, filled with moist oxygen, 
and placed either over mercury or iodide of potassium, or containing 
in their interior a moistened silver leaf, the gas became absorbed in a 
regular manner, and in tliis way they sometimes obtained a complete 
absorption. Some iodide of potassium and moistened silver were 
inserted in tubes with pure oxygen, and then the tubes were closed ; 
they were electrified for several days; the sparks grew gradually 
paler and paler, and at last almost disappeart'd. On opening the 
tubes under water, the liquid rushed in, and filled them entirely, 
thus showing that a complete Auicuum had been obtained, and that 
the oxygen had become completely absorbable without heat, by the 
silver and iodide of potassium. 

These facts confirm the later researches of Marignac, Dc la Hive, 
&c., and show that Electricity, acting upon oxygen, developes peculiar 
properties in it, and MM. Fremy and Becquerel propose to banish 
the name of ozone, which expresses the idea of the transformation of 
the oxygen into a new body, and to call the cfxygen in which this 
remarkable chemical activity is awakened simply “ electrified oxygen^'* 

(548) To this name Schoenbein objects (Jour, fur praJet. Chem. 
1852), because oxygen can be ozonized much more effectually by 
phosphorus than by Electricity, and in the modification of oxygen by 
phosphorus, &c., there is no disengagement of Electricity. Accord- 
ing to his observations, 1000 parts of phosphorus can convert 1720 
parts ’of oxygen into ozone wdth tolerable rapidity. 

The “ ozonization ” of oxygen by electric sparks in closed tubes, in 
the experiments of Eremy and Becquerel, Schoenbein believes to be 
the result of an electrical induction in the oxygen from the exterior, 
and through the glass ; the same takes place, on the large scale, on the 
occasion of every flash of lightning : houses are sometimes filled wdth 
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the odour of ozone, at considerable distances from the buildings that 
are struck. 

De la liive explains the ozonization of oxygen by supposing that, 
in ordinary oxygen, the atoms are not separate, but combined in 
groups, forming compound molecules, and that phosphorus. Elec- 
tricity, <fcc., possess the power of breaking up these molecules into 
separate atoms, whereby its chemical activity is increased, and it is 
now rendered capable of oxidizing bodies on which before, it exerted 
no action. In many of its combinations, however, oxygen seems to 
exert the eminently oxidizing power of ozone; as, for instance, in 

oxide of lead, ‘peroxide of nitrogen, ^c., and Schoeribein proposes 
to call these substances ozonized” oxide of lead PbO + 0; “ozon- 
ized ” nitrous acid JN^0*+20, &c. 

(549) A metliod of detennining ozone quantitatively has been 
invented by Schoeribein. This method depends upon the property 
possessed by ozone of decolorizing solution of indigo, a property 
which ordinary oxygen is altogether destitute of. To prepare his 
“test” solution he takes 100 milligrammes of indigo solution, adds 
an equal quantity of hydrochloric acid, and heats the whole till it 
boils. He then adds to' the hot solution small portions of a dilute 
solution of chlorate of potash (about one per cent.), shaking the 
mixture continually, uTitil it has become of a brownish yellow colour. 
If, for example, 100 milligrammes of chlorate have been employed to. 
decolourize the indigo solution, he infers that this effect has been 
caused by the 39 milligrammes of oxygen contained in that quantity 
of the salt; and, consequently, that 1 milligramme of oxygen is 
capable of decolorizing 100'39 grammes of the solution of indigo. 
To render this solution of such a strength, that exactly 10 grammes 
of it are decolorized by 1 milligramme of oxygen, he mixes 100 
parts of it with 290 parts of water, and preserves it in stoppered 
bottles. 

In order to determine the quantity of ozone in, say, 30 litres of 
air, acted upon to the greatest possible extent by phosphorus, he 
pours 300 grammes of the test solution into a glass, and adds about 
one-half to the gas at %nce ; the closed flask is then shaken up for 
some minutes, and a small quantity of the liquid poured out, to see 
if it is decolorized; if so, he dips a small strip of moist iodide of 
potassiuin paper into the vessel, and if this is coloured, adds more 
solution of indigo, until the decolorization is complete, when tlie 
quantity of solution employed gives the amount of ozone in the 
gas. 

Schoenbein’s recent experiments have shown, that air may be 
ozonized to the extent of toVjf by means of phosphorus ; and did not 
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ozone* act so energetically upon phosphorus, a much higher degree of 
ozonization might be attained. At this point, however, the produc- 
tion and consumption of this substance appear to be equal, and 
ignition of the phosphorus takes place in consequence of the rapid 
oxidation, Air, diluted with mro^Trcnyth of its volume of ozone, may 
be recognized by its smell ; pure ozone must, therefore, have a most 
intense odour. 

(550) The remarkable oxidizing power of “voltaic” oxygen was 
pointed out hr Kolbe. (Fhil. Mag.^ vobxxx., p. 334.) By it, he was 
able to decompose compounds which withstood the action of the 
most powerful decomposing agents, such as nitric, nitro-hgdrocJiloric, 
and chromic acids ; and in some experiments he produced perchloric 
acid in an acid solution, which cannot be done, without the battery, 
in any but an alkaline solution. By passing the current, from four 
elements of Bunsen’s pile, through a mixture of sulphuric, acid and 
chloride of potassium, first chlorate and then perchlorate of potash, 
was formed ; a concentrated solution of chloride of ammonium evolved 
hydrogen at the negative pole, and chloride of nitrogen appeared in 
the form of oily drops at the positive platinum pole, which de(?om- 
posed, with a more or less violent explosion, on bringing the two 
poles into contact. 

(551) The latest experiments on ozone are \hose of Dr. Baumert. 
(JPhil, Mag., vol. vi., p. 51.) When perfectly dry ozone, obtained by 
electrolysis, is passed through a long narrow' glass tube, lined with a 
thin coating of anhydrous phosphoric acid, nothing takes place till 
the tube is heated; the ozone is then decomposed, and water is 

formed, which dissolves the anhydrous phosphoric acid, proving, 
according to the author, that ozone obtained by electrolysis contains 
hydrogen as well as oxygen. The quantity of ozone obtained by 
electrolysis is exceedingly small ; 150 litres of explosive gas, obtained 
from 76 grammes of acidulated water, only contained 1 milligramme 
of ozone ; and 10 litres of gas, from solution of chromic acid, con- 
taining a litfle sulphuric acid, gave the same quantity. 

The ‘method of analysis adopted by Baumert, was founded upon 
the property of oxygen, united with the elements of water, to sepa- 
rate an equivalent of iodine from a solution of iodide of potassium, 
like free bromine or chlorine, caustic potash being formed. The 
amount of iodine set free was ascertained by a standard solution of 
slilphurous acid, the point of neutralization being ‘determined by a 
solution of starch. 

By a series of experiments, conducted with extraordinary care, 
and under the direction of that great master of gaseous analysis, 
professor Bunsen, “ electrolytic ozone” was inferred to be a teroxide 
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of hy^ogen — HO* giving up its oxygen readily to oxidizable sub- 
stances, and forming water. 

Baumert does not, however, undertake to say, that the body 
obtained by the passage of electric sparks through dried oxygen is 
the same compound ; on the contrary, by passing a stream of sjarks 
from an inductive coil, through electrolytic olygen, completely freed 
from ozone by heat, and from watery vapour 8y phosphoric acid, the 
ozone of Becquerel and Fremy, which Baumert calls allotropio 
oxygen, was formed in abundance, and was made appg.rent by the 
decomposition of iodide of potassium. 

(552) Electro-chemical polarity of gases , — The fact, that when 
two wires, forming the termiimls of a powerful battery, were placed 
across each other, and the voltaic arc taken between them, the ex- 
tremity of the wire proceeding from the positive end of the battery 
was rendered incandescent, while the negative wire remained com- 
paratively cool, was first observed by Glassiot in 1838, (405) and 
Grove shortly after threw out the idea, that the phenomenon might 
possibly be explained by supposing that in air, as in water or other 
electrolyte, the oxygen or electro-negative element was determined 
to the positive terminal ; and that, from the union of the metal with 
that oxygen, a greater heating effect was developed. 

(553) The following beautiful experiment is described by Grove : 
(P/i/Z. Trans., 1852, part 1.) It was made with a well-insulated 
nitric acid battery of 500 cells. Two wires of platinum, -^Vth of an 
inch in diameter, forming the terminals of the battery, were im- 
mersed in distilleS water; the negative wire was then gradually 
withdrawn, until it reached a point ith of an inch distant from the 
surface of the water. A cone of blue flame was now perceptible, the 
water forming its base and the point of the wire its apex : the wire 
rapidly fused, and became so brilliant that the cone of flame could 
no longer be perceived, and the globule of fused platinum was ap- 
parently suspended in air and hanging from the wire ; it appeared 
sustained by a repulsive action, like a cork ball on a jet Teau, and 
threw out scintillations, in a direction away from the water. The 
surface of the water, at the base of -the cone, was depressed, and 
divided into little concave cups, which were in a continual agitation. 
When the conditions were reversed, and the negative wire immersed, 
the positive ware being at the surface, similar phenomena ensued, but 
not nearly in so marked a manner, the cone was smaller, and its base 
much more narrow in proportion to it#height. 

This experiment, the beautiful effects of which require to be seen 
to be appreciated, indicates a new mode of transmission of Elec- 
tricity, partaking of the electrolytic and disruptive discharges. 



416 GALTASriC OB TOLTAIO ELECTBICITT. 

(554) The enormous heating powers and consequent destruction 
of the terminals, rendered it impossiblo to follow out this phe- 
nomenon with the voltaic battery, and Grove, therefore, resorted to 
Bhumkorif’s new arrangement of the inductive coil machine .by 
which an auroral discharge in the vacuum of an air pump, 5 or 6 
inches long, and in air^^f ordinary density, a spark of |th of an inch 
long can be obtained? With this apparatus the following experi- 
ments were made ; — 

1®. On the plate of a good air-pump was placed a silvered copper 
plate, such as is ordinarily used for Daguerreotypes, the polished 
surface being uppermost. A receiver with a rod passing through 
a collar of leathers was used, and to the low er extremity of this rod 
was afllxed a steel needle which could thus be brought to any required 
distance from the silver surface. A vessel containing potassa 'fusa 
was placed in the receiver, and a bladder of hydrogen gas was 
attached to a stop-cock, another orifice enabling the operator to pass 
atmospheric air into the receiver in such quantities as might be 
required. A vacuum being made, hydrogen gas and air were allow ed 
to enter the receiver in very small quantities so as to form an attenu- 
ated atmosphere of the mixed gases. Tw^o small cells of the nitric 
acid battery w^ere used to excite the coil machine and the discharge 
from the secondary coil w'as taken between the steel point and the 
silver plate; the distance between these was generally 01 of an inch. 
When the plate formed the ]posHive terminal, a dark circular stain of 
oxide rapidly formed on the silver, presenting in succession yellow, 
orange, and blue tints, very similar to the successive tints given by 
iodizing in the ordinary manner a Dagut‘rreolyp(^ plate. Upon the 
poles being reversed, and the plate made negative, the spot was 
entirely removed, and the plate became perfectly clean, leaving, 
however, a dark polished spot, occasioned by molecular disintegration, 
and therefore distinguished from the remainder of the plate. In an 
air vacuum, oxidation took place whether the plate w as positive or 
negative, but more rapidly when positive. In a hydrogen and nitro- 
gen vacuum there w^as no discoloration, but a plate oxidized in an 
air vacuum was rapidly and beautifully cleared off by discharge in a 
hydrogen vacuum, most rapidly when the plate w as negative. By 
making an iodized silver plate negative in an atmosphere of hydrogen, 
the iodine was removed in a circle or disc oppositfe^ the point w hich 
formed the positive terminal. The phenomena were all produced, 
though not so distinctly, with^e common electrical machine. When 
there is too great a proportion of oxygen or air, oxidation takes place 
at both poles; when too much hydrogen, reduction takes place at 
both. 
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(555) The following theory has been proposed by Mr. Grove to 
account for these singular phenomena. The discharges being inter- 
rupted, as is evident from the nature of the apparatus, the gaseous 
medium is polarized anterior to each discharge, and polarized not 
meTeXy physically, as is generally admitted, but chemically, oxygffn 
or anion being determined to the positive terminal or anode, and the 
hydrogen or cation to the negative terminal or cathode. At the instant 
producing discharge, there would be a molecule or superficial layer of 
oxygen or of electro-negative molecules in contact with the anode, 
and a similar layer of nitrogen or electro-positive molecules in 
contact with the cathode ; or, in other words, the electrodes in gas 
would be polarized as the electrodes in liquids are. The discharge 
now takes place, by which the superficial termini of metal qt oxide> 
as the case may be, are highly ignited^ or brought into a state of 
chemical exaltation at which their affinities caii act ; the anode thus 
becomes oxidated, and the cathode, if an oxide, reduced. 

Assuming this view, we get a close approximation, or identity in 
fact, to the state of polarization in gaseous non-conducting dielectrics, 
and electrolytes anterior respectively. to discharge or to electrolysis. 
The experiments seem to show that, in induction across gaseous di- 
electrics, there is a commencement, so to speak, of decomposition, a 
polar arrangement, not merely of molecules irrespective of their 
chemical characters, but a chemical alternation of their forces, the 
electro-negative element being determined or directed, though not 
travelling, in one direction, and the electro-positive in the opposite 
direction. 

(556) The chemical polarity of gases associates itself with Grove’s 
experiment, verified by Gassiot (324) {Fhil, May,, Oct., 1844), in 
w hich signs of electrical tension are exhibited when discs of copper and 
zinc are closely approximated, but not brought into contact, and then 
separated, the intermediate dielectric being polarized, or a radiation 
analagous, if not identical, w ith that which produces the images of 
Moser* taking place from pole to pole. In some experiments a 
scries of zones or circles appeared on the plate, exhibiting an altcr- 

* The phenomena discovered by Moser, and known as Moaer* 8 figures, may be 
observed thus : place a coin upon the surface'^ a piece of looking-glass, or of 
common glass having the back covered with tin-foil, and allow a few sparks to 
fall upon the coin from the prime conductor of an electrical machine. Quickly 
remove the coin, and gently breathe over the surface of the glass, when the 
outline of the impression on the coin will become beautifully defined* upon the 
glass in 'drops of watery vapour. If a series of plates are superposed, and the 
coin placed upon the upper one, and sparks allowed to fall upon it, the upper 
surface of each plate will present similar phenomena when breathed upon. These 
figures may be rendered visible. by exposure to the vapour of iodine or mercury, 
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nation of oxidation and reduction, a medium capable of producing 
both being present. The colour of the central spot was yellow^green, 
in the centre, surrounded by hlue-green; then a clear ring oijpolished 
silver, then an outer ring crimson with a slightly orange tint on the 
inner side, and a deep purple colour on the outer; the exterior 
portion of the spot was, as far as the eye could judge, of a colour 
complementary to*the interior of the external ring, and the central 
portion of the spot of a colour complementary to the exterior portion 
of the ring. The phenomena may perhaps be explained by regarding 
them as analogous to the phenomena of interference of light. Alter- 
nations of opposite polar electrical actions in the discharges passing 
in the same direction, are shown in the experiments, and are con- 
sidered by the ingenious author to be worthy of attention. 

(557) Generation of a voltaic current hy flame, M. Hankel and 
M. Buff have published papers showing, by the use of highly sen- 
sitive galvanometers, a current, apparently produced by flame, 
which passes from the upper to the lower part of the flame. Buff 
attributes this current to thermo-electricity, the flame being a 
conductor, and two metals in contact with different parts of it, the 
thermo-current passes from the hotter to the cooler metal, and hence 
the result. Mr. Grove {Notices of the Meetings of the Boyal Instil 
tutioUy Feb. 3, 1854), in studying this subject, and without having 
then read the papers of Hankel and Buff, found the results so 
varying in ordinary flame that he could come to no satisfactory 
conclusion ; he was then led to think that as, in the flame of 
the blow -pipe, the direction or line of combustion is more definite 
than in ordinary flame, he might get more definite results. He 
experimented with the latter flame, and immediately got very 
distinct evidence of a current not due to thermo-Electricity, as it 
could be made to conquer both the effect of the thermo-flame-current 
noticed by Buff, and of any thermo-current excited in the junction of 
the wires exterior to the flame. 

This current, which Mr. Grove termed the current proper, moves 
from the root towards the point of the blow-pipe flame; the best 
points for placing the collecting spirals or plates of platinum, being 
for the one, a little above the root or base of the blue cone, and for 

quite as well as by breathing upon them,*-— JElcm, Nat PhU.^ ly QoUing Bird and 
CharUa Brooke, 

^ ‘*Mahifold” says Humboldt, ‘‘are the sources of terrestrial light; and we 
may eVen imagine it as existing latent, and not yet set free from combination with 
vapours as a means of explaining Moser’s pictures produced at a distance— a 
discovery in which reality as yet presents its^ to us like the unsubstantial 
images of a dream .*’ — CoaTnoSf Sabme'a tranalatiorif vol. i. p. 189« 
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the other, in the full yellow flame a little beyond the apex of the 
blue cone. As the latter metal is much more heated than the 
former, the thermo-current is opposed to, and though it by no means 
destroys, it tends to weaken the effect of the flame current proper : 
if then, this metal can be adventitiously cooled, we should have the 
two currents co-operating, instead of conflicting : and so experiment 
proved ; for by using a capsule of platinum fllled with water in the 
full flame, and a coil or sheet of platinum foil at the base, a very 
marked current resulted. By arranging in a row of jets worked by 
a large bellows, a sheet of platinum foil placed first over the roots of 
the flame, and a trough of platinum foil filled with water just beyond 
the points of the blue cones, the large galvanometer of the Insti- 
tution was deflected to 30° or 40°, the deflection being in the reverse 
direction upon reversing the connections respectively with the plate 
and trough. The same apparatus will also readily decompose iodide 
of potassium, iodine being evolved at the platinum point in con- 
nection with the trough. Mr. drove is at present disposed to regard 
this phenomenon as a current produced by chemical action: the 
platinum at the commencement of action representing the zinc, which 
burns or combines with oxygen ; that at the conclusion, representing 
the platinum, or the points where chemical action concludes and a 
tendency to reduction or deoxidation is manifested, the distinction 
being that the generative chemical action, instead of taking place as 
in tlie ordinary battery, only at the zinc surface, and being simply 
transmitted by the electrolyte, takes place throughout the intervening 
section of flame; and thus, within certain limits, the intensity of 
the Electricity increases with the distance of the plates, instead of 
decreasing, as in the ordinary battery. 
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CHAPTEE X. 
ELECTEO-PHTSIOLOGT 

Historical notice — Recent researches of Matteucci and Du Bois Reymond — 

Electric fishes — The torpedo — The gymnotus— The sHurus — Electricity of 

plants. 

(558) “ It may be proved,” says M. Arago, “ that the immortal 
discovery of the voltaic pile arose in the most immediate and direct 
manner from a slight cold with which a Bolognese lady was attacked 
in 1790, for which her physician prescribed the use of frog-broth.'^ 

There is scarcely a work on the subject of Galvanic Electricity in 
which this account of its origin is not given in some form or other. 
The author of the article “ Voltaic Electricity,” in the JSncyclogxtdia 
Britannica^ writes thus : “ When one of Galvani’s pupils was using 
an electrical machine, a number of frogs* were lying skinned on an 
adjoining table for the purpose of cookery. The machine being in 
action, the young man happened to touch with a scalpel the nerve of 
the leg of one of the frogs, when to his great surprise the leg was 
thrown into violent convulsions.” 

(559) Dr. Lardner, in the introduction to his treatise in the Cabinet 
Cgclopcedia, after repeating the above account, adds, “ This was the 
first, but not the only or chief part played by chance in this great 
discovery. 

“ Galvani was not familiar with Electricity ; luckily for the pro- 
gress of science, he was more an anatomist than an electrician, and 
beheld with sentiments of unmixed wonder the manifestation of what 
he believed to be a new principle in the animal economy ; and, fired 
with the notion of bringing to light the proximate cause of vitality, 
engaged with ardent enthusiasm in a course of experiments on the 
effects of Electricity on the animal system. It is rarely that an 
example is found of the progress of science being favoured by the 
ignorance of its professors, 

“ Chance now again came upon the stage. In the course of his 
researches he had occasion to separate the legs, thighs, and lower 
parts of the body of the frog from the remainder, so as to lay bare the 
lumbar nerves. Having the members of several frogs thus dissected, 

• This chapter, as far as par. 643, has been compiled principally from Mat- 
teuoci’s ** Pheuomenes Electro-phopiologiques des Animaux. 



HISTOEICAL NOTICE. 


421 


he passed copper hooks through part of the dorsal column which 
remained above the junction of the thighs, for the convenience of 
hanging them up till they might be required for the purpose of 
experiment. In this manner he happened to suspend several upon 
the iron balcony in front of his laboratory, when, to his inexpressible 
astonishment, the limbs were thrown into strong convulsions. No 
electrical machine was now present to exert any influence.” 

(560) Dr. Thomas Young, in his Lectures on Natural Philosophy, 
shortly alludes to the circumstance thus : “ The first hircumstance 
that attracted Galvani’s attention to the subject of animal Eleetricit}^, 
was the agitation of a frog that had a nerve armed, that is, laid bare 
and covered with a metal, when a sparJc was taken in its neighbour- 
hood, A person acquainted with the well-known laws of induced 
Electricitg might easily have foreseen this effect. It proved, however, 
that a frog so prepared was a very delicate electrometer, and it led 
Galvani to further experiments.” 

(561) The author of the treatise on Galvanism, in the Library of 
Useful Knowledge^ repeats the old story of the “ frog-soup,” and we 
re-echoed it in the last editions of this work. It appears, however, 
that we have all been guilty of considerable injustice towards 
Galvani ; and that, so far from his being unacquainted with Electricity 
at the time he made his important observation, he had been for many 
years studying it in connection with the muscular contractions of 
frogs, as appears from a draft found among his manuscripts, which, 
with his memoirs, have been collected by M. Gherardi, and pub- 
lished by the Academy of Sciences of Bologna. This draft bears 
date 6th November, 1780, i, e,, eleven years before the publication 
of his Commentary. It is worthy of remark, that in the description 
of the first experiment there occurs the words, “ The frog was pre- 
pared as usual,” which sufficiently proves that this was not his frst 
experiment with frogs. 

(562) In the year 1678, the following experiment was made by 
Swammerdam, before the Grand Duke of Tuscany ; it will be per- 
ceived that it is identical with the celebrated experiment of Galvani, 
though there can be no doubt that the Bolognese philosopher was 
entirely ignorant of it. Into a cylindrical tube of glass was placed a 
muscle, the nerve of which was enveloped with a small silver wire, in 
such a manner that it could be raised without injury. The first wire 
was passed through a ring, bored in the extremity of a small copper 
support, soldered to a sort of piston or partition; but this small 
silver wire was disposed in such a manner that, on passing between 
the glass and the piston, the nerve could be drawn by the hand so as 
to touch the copper, the muscle immediately contracted. 
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In the year 1767, the sensation experienced in introducing the 
tongue between two plates of dissimilar metals, and then bringing 
them into contact, was described by Sulzer in a work entitled 
“ General Theory of Pleasure.** 

(563) Prom documents in the possession of the Institute of 
Bologna, it appears that Galvani was engaged with experiments on 
the contractions, of the muscles of frogs at least twenty years before 
the publication of his famous Commentary-. The story of the frog- 
soup may, therefore, henceforth be treated as a romance ; and it is 
unfair to question Galvani’s electrical knowledge, from the circum- 
stance of his feeling surprised at observing the contraetion of the 
prepared frog when a spark from the conductor of an electrical 
machine was drawn near it. Any other philosopher, as Matteucci ♦ 
justly observes, would at that time have felt surprised on witnessing 
the phenomenon for the first time ; and, in fact, in a Latin memoir 
on electrical light in air of different densities, Galvani sufliciently 
shows his acquaintance with Electricity, both theoretically and prac- 
tically ; and, in a memoir “ on the use and activity of the conducting 
arc,** he suggests that the contraction of the frog may be explained 
by the return sJiocle, 

In pursuing his researches, Galvani submitted the frog to the 
passage of atmospheric Electricity ; and it was in these experiments 
that he discovered that the frog, properly prepared, is of all elec- 
troscopes the most delicate. We cannot read, Tsdthout a shudder, 
Galvani’s account of a daring experiment made by him April 7th, 
1786, whilst engaged in these investigations. He grasped in his 
hands the rod of an insulated atmospheric conductor at the very 
moment when lightning was flashing through the skies ! 

(564) The first experiment with a metallic arc is described in the 
third part of Galvani’s Commentary. The note in which it is found 
registered bears date Sept. 20, 1786, and contains, in Galvani’s own 
handwriting, the words “Experiments on the Electricity of Metals.” 

The primary fact of the contraction of the frog suspended by a 
copper hook from an iron stem in the neighbourhood of an electrical 
machine in action was studied by Galvani with great care ; in it he 
saw that the contraction took place when the extremities of a 
metallic arc, formed of two difierent metals, united together, touched 
at one point the nerves, and at the other the muscles of the frog. 
In two dififerent parts of his Commentary, Galvani insists on the 
advantage in this experiment of employing a metallic arc, composed 
of two different metals instead of one. He also states that the con- 
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tractions may be obtained by uniting with a metallic arc two capsules 
filled with water, in which the frog is so disposed as to have its 
lumbar nerves in one of the capsules and its legs in the other. 
Lastly, he ascertained that the metal composing the arc in this 
experiment should be chosen amongst the least oxidable metals, such 
as gold or silver, to obtain the greatest and most prolonged con- 
tractions; and he minutely describes all the circumstances which 
prove that the phenomenon is an electrical one. 

(565) Qalvani supposes the existence of an Animal Electricity, a 
nervous fluid condensed in the interior of the muscle. The nerve, 
according to him, was only the conductor of the discharge of the two 
electricities contained in the muscle. The apparent homogeneity of 
the structure of muscle does not vitiate this hypothesis, tourmaline 
presenting an analogous phenomenon. In one part of his Com- 
mentary, Galvani expressly says, that many of the contractions 
obtained with a metallic arc are due to the arc itselfl 

Other of Galvani’ s memoirs relate to the following subjects : the 
use and activity of the conducting arc in muscular contractions ; the 
action of the arc composed of a single metal ; of water and carbon ; 
of water alone, or of the human body ; of a metallic arc of unequal 
surface; the contractions excited in a frog when the arc is inter- 
rupted, &c. To explain the action of the 6?lectrical current on 
muscular contractions, Galvani supposes that a change is determined 
in the parts of the brain. 

(566) In one of his memoirs on Animal Electricity addressed to 
Spallanzani, Galvani describes the fact of the contractions excited in 
a prepared frog by bending back its limbs, and bringing them in 
contact with the lumbar nerves. The perusal of this metnoir im- , 
presses one (writes Matteucci) with a high sense of the merits of 
Galvani as an experimentalist. It commences by establishing that 
the contractions excited in these famous experiments cannot be attri- 
buted to anything like irritation of the nerve ; that the experiment 
is more likely to succeed if the frog be previously moistened with 
solution of salt ; that the frog should not be operated upon till it has 
lost that tetanized condition which it frequently exhibits for a time 
after its preparation ; that the contraction sometimes takes place on 
separating the nerves from the muscles of 1:he leg; that it also 
succeeds on establishing the circuit between the nerves and legs, and 
morsels of muscular substance; and, lastly, that contractions are 
awakened by touching the nerves of the prepared frog at two 
different points, with a morsel of muscular substance taken from a 
living animal. 

Galvani next studied the discharge of the torpedo, and by means 
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of a prepared frog he ascertained the instant of its discharge ; he 
made also the first observations on the influence of the brain and 
Circulation of the blood on the discharge of the torpedo. 

(567) The first philosopher who repeated the experiments of 
Galvani was the celebrated Yolta. He admitted the existence of 
animal Electricity in the muscles, and in a letter to Professor Car- 
menati, bearing date April 3rd, 1792, he relates all the experiments 
made by him to demonstrate the sensibility of the frog to electrical 
discharge; he next applied himself to Galvani’s experiments with 
the metallic arc. He first ascertained that the contractions of the 
frog ensued on simply touching, with the extremities of the metallic 
arc, two points of the ner>"ous filaments ; he next discovered that it 
was possible with the metallic arc to produce sometimes the sensa- 
tion of light, sometimes that of taste, by applying it to the nerves of 
the eye or tongue ; and from all his experiments he drew tlyj con- 
clusion, that the muscular contractions in the experiments of Galvani 
and himself "were produced by the irritation of the nerves ; that this 
irritation may produce sometimes sensations, sometimes contractions ; 
and that, lastly, this irritation by the metallic arc was occasioned by 
an electric current developed by that arc. 

(568) Volta imagined that by the contact of any two heterogeneous 
conductors an action i| developed, by which the two bodies become 
charged with contrary electricities, which may discharge themselves 
across a third not possessing the same action as the other tw'o. 

When it was objected to this hypothesis of Volta, that a homo^ 
geneous metallic arc was sufficient to cause contractions in the frog, 
he replied that a very small difierence in the extremities of the arc 
was sufficie^ to produce an electric current, and that a very feeble 
current may irritate the nerves of a frog sufficiently to excite con- 
tractions. Thus Volta found that when one extremity of a metallic 
arc was heated and the other not — one end polished the other not — 
sufficient heterogeneity was occasioned to excite a current. In vain 
Galvani, Humboldt, Valli, and Aldini opposed to Volta the fact that 
without any metallic arc the frog may be made to contract, by simply 
bending back the limb, and bringing it into contact with the lumbar 
nerves ; Volta answered that it w^as only to generalize his theory of 
electro-motive force;* that it was only necessary to say that the 
nerves and muscles of the frog act as the two metals of the arc in 
order to explain the facts submitted by the partisans of Galvani. 

(^569) IJp to this time, the development of Electricity by the 
contact of heterogeneous metals was only an hypothesis of Volta’s. 
It was in the month of August, 1796, that he obtained, by means of 
the condenser, the first signs of Electricity developed by*the contact 



HISTOEICIX NOTICE. 425 

of two metals, and that ho made his immortal discovery of the 
File, 

The influence of this discovery over all the sciences, and the 
rapidity with which, it spread, caused all opposition on the part of 
Galvani to fall into oblivion, and fifty years elapsed ere any one, save 
in an historical work, ventured to make any mention of Animal 
Electricity, 

Yolta discovered that the electric current, in its passage through 
the organs of sense, excites there corresponding sensatfbns ; he also 
found that tlie continued passage of the electric current through a 
frog weakened its action in the direction of the current, while it was 
still very strong whilst traversing the animal in a contrary direction. 

(570) Among the philosophers who occupied a distinguished rank 
in the celebrated controversy between Galvani and Volta, the illus- 
trious Humboldt stands pre-eminent. His work, entitled “ Experi- 
ments on Galvanism,” published in Paris in 1799, and afterwards in 
Germany, contains a host of excellent and important experiments. 
JSio one before him had applied the arc of Galvani to so great a 
number of diflerent animals in various parts of their bodies. The 
action of the electric current on the movement proper of the intes- 
tines, and on the pulsations of the heart, was discovered by Hum- 
boldt. He had the courage to remove the skin from parts of his own 
body by means of blisters, and to subject the denuded parts to the 
action of the metallic arc. His experiments on the secretions from 
the wounds formed by* the blisters are exceedingly curious. He 
proved on himself, that the action of the electric current was not 
limited to the sole instants of the commencement and th? end of its 
passage. He studied with great care Galvani’s discovery of the con- 
tractions obtained by bringing the legs of a frog into contact with its 
lumbar nerves ; and he ascertained that contractions may be obtained 
in the prepared frog, by touching the nerve at diflerent points with 
morsels of muscular substance taken from a living frog. The follow- 
ing is a summary of his results ; strong muscular contractions were 
obtained, 1®, w'hen the leg of an animal was bent back against the 
ischiatic nerves, both being organically connected. 2^. When the 
crural nerve and its muscle were connected by a fragment cut from 
the same nerve. 3®. When a connection was established between 
two parts of the same nerve by means of some animal tissue. 

(571) Some important observations were made by Valli of Pisa in 
1792 ; this experimentalist was the first to show that when an arc of 
two metals, pewter and silver^ is employed, the most violent con- 
tractions are obtained when the pewter is applied to the nerves, and 
the silver to the muscles *, he ascertained that of all metals zinc^ when 
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applied to the nerves, has the most remarkable power of exciting 
contractions, and he noticed that when a frog had lost its sensibility 
to the passage of a current, it regained it by repose. 

Aldini showed that contractions may be excited in a prepared frog 
by holding it in the hand, and plunging its nerves into the interior 
of a wound in the muscle of a living animal. 

(572) Some interesting observations on the sensations excited in 
animals by the passage of the electric current through them ; on the 
influence of cold and heat ; on the muscular irritability excited by 
Electricity ; on the reproduction of nervous substance ; on the action 
of certain poisons ; on the phenomena of muscular contraction, <fec., 
were made by Eowler, and are alluded to in the Bibliotheca Britan-‘ 
nica, May, 1796. 

(573) The following is a summary of some of the contributions 
made by Lehot to the science of animal Electricity ; He ascertained 
that in a recently killed animal, contractions are excited by the 
electric current in whatever direction it may be applied ; but, when 
the vitality of the animal has become diminished, if the current 
be sent in the direction of the ramifications of the nerve, contractions 
are excited only at the commencement of the current : the contrary 
takes place when the current is directed contrary to the ramifications 
of the nerves, L e,, in^his case the contractions only take place when 
the current ceases. By studying the sensation excited by the current 
on the organs of taste, Lehot arrived at a most important result : the 
current which traverses a nerve in the diredtion of its ramifications 
excites a sensation w hen it ceases to pass, though this influence is 
only exer^d at the commencement of its passage when the nerve is 
traversed in a direction contrary to its ramifications ; the later 
experiments of Bellingeri and Marianini entirely confirm those of 
Lehot. 

(574) After a long interval, during which the name of animal 
Electricity was scarcely mentioned in science, the study of it w as 
resumed by Nobili, who published a memoir on the subject in the 
Bibliotheca TIniverselle, 3rd Nov. 1827. It is to this philosopher 
that we are indebted for the great improvements in the galvano- 
meter. He prepared a frog a la Galvanic and plunging its two 
extremities (lumbar nerves and legs) into tw’o capsules of saltj^w^ater, 
he united the two vessels by filaments of moistened cotton ; tfie frog, 
as in Galvani’s experiment, immediately contracted : he then removed 
the cotton, and shut the circuit by plunging into the capsules the 
platina extremities of his galvanometer; a deviation amounting to 
10°, 20°, and even to 30° was obtained, indicating an electrical 
current from the feet to the head of the animal. Nobili called this 
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current the current proper of the frog, and he found that it remained 
for several hours after the preparation of the animal, and that it 
could be increased by disposing the animals in a pile. Nohili 
endeavoured to explain this current on thermo-electric principles : to 
an unequal temperature in the nerve and muscle occasioned by 
evaporation, 

Nobili appears to have studied more closely than any of his prede- 
cessors, the contractions excited in a frog by the passage of a current 
through its nerves in different directions, and according^© the degree 
of vitality remaining in the animal. His ideas of tetanus and of 
paralysis are well deserving the attention of medical men. 

(575) The frog is prepared for galvanoscopic experiments in the 
following manner 

A lively animal 
is selected : two- 
thirds of the body 
just below the front 
paws are cut off, 
and the hind legs 
and pelvis, with a 
piece of the spinal 
cord, are preserved 
and skinned : then, 
by introducing the 
scissors between the 
lumbar nerves and 
the pelvis, and cut- 
ting tlie latter in 
two places, we obtain the frog prepared after OalvanV s plan ; it is 
shown in Fig. 217. 

(576) In order to employ the frog in the study of the electric 
current, the latter must be passed along the nen'ous filament alone 
of the frog. For this purpose the frog, prepared after Galvani’s 
plan, is cut in half, and by a very easy preparation, we are enabled 
to remove from the half frog, the bone and muscles of the thigh, 
preserving its nerve untouched. In this manner we end by having a 
frog’s leg, to which is attached a long nervous filament, composed of 
the lumbar portion of the pelvis, and the crural portion of the thigh. 
We have only to introduce this leg into a tube of varnished glass, to 
have an instrument very sensible to the passage of the electric 
current. It is shown in Fig. 218. To employ this kind of galvano- 
scope, the glass tube is taken by the end opposite to that into which 
the leg of the frog has been introduced, and the nervous filament 


Fig. 217. 
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Fig. 218. 



which is hanging outside the tube, is made to 
touch the two points of the electromotive ele- 
ment that we desire to study. When the ner- 
vous filament is traversed by an electric current, 
the leg is seen instantly to contract. Two slips 
of moistened paper may be placed on the two 
points of the electromotive element to avoid any 
irritation of the nerve by direct contact. 

(577) To exhibit the experiment with the 
frog’s legs generally, the legs of the frog are to 
be left attached to the spine by the crural nerves 
alone, and then a copper and a zinc wire, being 
either twisted or soldered together at one end, 
the nerves are to be touched with one wire, 
whilst the other is to be applied to the muscles 
of the leg. Fig. 219 shows the arrangement. 
There are several ways of varying this experi- 
ment; the following one may be practically 
applied to a useful purpose : If a piece of cop- 
per, as a penny, be laid on a sheet of zinc, and 


Fig. 219. 



if a common garden snail bo put to 
crawl on the latter, it will be observed 
to shrink in its horns and contract its 
body whenever it comes into contact 
with the penny: indeed, after one or 
two contacts it will be observed to 
avoid the copper in its journey over 
the zinc. 


The Muscular Electric Current, 


(578) Proof of the existence of an electric current circulating 
through the muscle of a living animal is obtained by introducing into 
a wound formed in the muscle of a living animal the nerve of a pre- 
pared frog, in such a manner that the extremity of the nerve shall 
touch the bottom of the wound, and another part, the edge ; the frog 
instantly contracts. The muscular electric current may be detected 
in animals for some time after death, but when it has once ceased, it 
cannot again be renewed. It is found in warm as well as in cold- 
blooded animals. 

(579) By forming a muscular pile ^ Matteucci succeeded in giving 
considerable deflection to the needle of his galvanometer. 

The pile was thus formed. Five or six frogs were prepared and 




THE MUSCULlB BLECTEIC CUEEEHT, 


429 


cut in half after G^lvaui’s plan, great care being taken not to injure 
the muscle. The thighs were then cut in half, and so disposed that 
each half thigh should touch the following, the faces of each turning 
the same way, and the interior of one coming into contact with the 
exterior of the next ; so that one of the extremities of the pile was 
formed of the interior of the muscle, while the other extremity was 
formed of the surface. The prepared plates of the galvanometer 
were immersed in the cavities of the board on which the pile was 
disposed, which cavities contained a liquid similar to that in which 
the plates had been prepared, the deviation amounted to 15®, 20®, 
30®, 40®, 60°, according to the number of half thighs ; and if the frogs 
were sufficiently active, a devig;tion of 2® or 4° was obtained with two 
elements, of 6” or 8® with four elements, of 10° or 12® with six 
elements, and *80 on : the liquid in the cavities being distilled W’;ater ; 
but when a liquid of a better conductibility w'as employed, the 
deviations were considerably greater, though always in the same 
direction, viz., from the interior of the muscle to the surface. On 
leaving the circuit closed, the needle gradually returned to zero. 

(580) Similar experiments were made wdth eels, cut into pieces, 
and so disposed that the muscular surface of one of the elements 
should touch the internal face of the next. With a pile of five 
elements, a deviation of 28® w^as obtained, with two elements a devia- 
tion of 10®, always in the same direction, viz., from the interior of 
the muscle to the surface. With a pile formed of muscular slices cut 
from the backs of tenches, analogous results W'ere obtained ; and by 
experimenting on warm-blooded animals, such as pigeons, chickens, 
oxen, sheep, &c., ample evidence was obtained to prove that wdiencver 
the interior of the muscle of a recently -killed animal is by the aid of 
a conducting substance brought into contact with the surface, an 
electrical current is established, directed from the interior to the 
surface, the intensity of wdiicli varies wdth the animal, and is increased 
in proportion to tlie number of elements disposed in the pile. 

(581) In all these experiments, Mattcucci was scrupulously careful 
in the management of his galvanometer: and the regular increase of 
the deviations with the number of elements, their uniform direction, 
whatever the liquid employed in the cavities, and the instantaneous 
reversal of the current by reversing the disposition of the elements, 
are facts wdiich fully prove the correctness of the conclusion at which 
Matteucci arrived, namely, that the current, whatever its source, had 
its origin in the muscular masses, and was not due to adventitious 
circumstances introduced in the manipulation. 

By closing the circuit with the nerve of the galvanoscopic frog 
instead of the galvanometer, a more delicate and perhaps a less 
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questionable method of detecting the muscular electric current was 
obtained. The return of the needle of the galvanometer to zero, on 
leaving the circuit closed, is easily accounted for, mot only from the 
gradual diminution of vitality in the muscle, but also from the 
secondary current developed in the terminal plates, which circulates 
in a contrary direction to that of the pile. 

Mattcucci next instituted a series of experiments on living animals, 
the general results of which were the same as those on animals 
recently killed, the current in all cases moving from the interior of 
the muscle to its surface, or more generally from the interior of the 
muscle to any conducting substance in communication with that 
surface. 


The Laws of the Muscular JElectric Current. 

(682) The first thing that arrests the attention in studying the 
muscular current in the muscles of difierent animals, is the difference 
in its duration in different cases. If an equal number of muscular 
elements be prepared from different animals, frogs, pigeons, rabbits, 
&c., and examined one after the other with as little delay as possible, 
commencing sometimes with one, sometimes with another, it will be 
found that the deviatiojis afforded by each, though in point of number 
of elements they arc equal, are remarkably different : thus, in one 
experiment made by Matteucci, with three piles each of eight 
elements, the pile formed of muscle of rabbit gave a deviation of 8*^; 
that of pigeons, a deviation of 14”; that of frogs, a deviation of 22”; 
the current diminishing wdth the elevation of the rank of the animal 
in the scale of creation, rifteen minutes after the first experiment, 
a deviation of 4” was obtained from the first pile ; of 10” from the 
second ; and of 16® from the third. One hour after the signs of the 
electrical current in the rabbit pile had entirely disappeared, from the 
pigeon pile a deviation of 2” or 3” could be obtained; while from 
the/roy pile there was still a deviation of 8” or 10”; and, even after 
twenty-four hours, from the latter, a deviation of 2” or 3” could be 
made apparent. * 

(583) In studying the laws of the muscular electric current, M. 
Matteucci availed himself of the differential current which is pro- 
duced by causing two currents to pass through the galvanometer in 
inverse directions, the deviations of the needles being of course in 
the direction of the strongest current. In applying this principle to 
the study of the varying circumstances of the muscular current, the 
two piles to be compared, both consisting of the same number of 
elements, A B, A' B', Fig. 220, are opposed to each other, as shown 
in the figure, their extremities being plunged into two cavities of the 
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wood, and the circuit shut with the galvanometer, 
by dipping the terminal plates in the liquid of the 
extreme cavities ; if any difference exist in the two 
piles, it will be immediately disclosed by the differ- 
ential current in the direction of the strongest. In 
this manner, Matteucci studied the influence on 
the intensity of the current exerted by the mass 
of muscle: he compared two piles opposed one 
to the other: one of these piles had each of its 
elements formed of one half thigh of a frog, whilst 
those of the other were formed each of two or 
three half thighs placed one on the other. He 
never obtained any very distinct signs of a differ- 
ential current: the same was the case when two 
piles composed of muscle of rabbit were compared, 
one of these piles having its elements made up of 
large muscular slices, and the other of small slices 
from the same muscle. The small differential cur- 
rent that was obtained was in favour of the pile, 
the elements of which consisted of the larger 
quantity of muscle. Two similar piles, formed one 
of half thighs of frogs that had been subjected to a 
very low temperature, the other of an equal number 
of half thighs, cut from frogs in their natural state, 
gave a differential current of 85*' to 40° in favour of 
the latter. The pile of cooled frogs gave from 15° 
to IG^, the other 45° ; with warm-blooded animals 
the influence of temperature was less marked. 

(584) When the frogs were submitted to sudden 
changes of temperature, being quickly cooled and 
then suddenly introduced into water tolerably warm, it was noticed 
that they not only recovered their motion, but became even more 
vivacious than before, and when formed into a pile they gave a 
stronger current than a pile composed of an equal number of frogs 
that had not been submitted to alternatidns of temperature. During 
the intense heat of summer the muscular current was much more 
feeble, and Matteucci noticed that the frogs were much less robust 
than at other seasons of the year, and their muscles less red and 
consistent. 

It does not appear that the integrity of the nervous system has 
any influence either on the direction or intensity of the muscular 
currents, for wrhen all the great nervous filaments were carefully 
removed from ten prepared frogs, no differential current, or *only a 
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very feeble one, was obtained, by opposing a pile of such frogs to 
another of an equal number of elements from frogs in their nomi^ 
state. The same was the case with pigeons, and other animals. 

Again, on comparing together two piles, each of six elements, the 
frogs composing one having had their lower extremities paralyzed by 
a red-hot iron, a differential current in favour of the latter was 
obtained, and by submitting frogs to the action of opium, nux vomica, 
carbonic acid, and other narcotics, so as to stupefy them, and in that 
state arranging them in a pile, and comparing them with an equal 
number of frogs in their natural state, Matteucci was unable to 
detect any variation cither in the intensity or direction of the 
current. The same results were verified with pigeons. 

The influence of sulphuretted hydrogen on the intensity of the 
muscular current was, on the contrary, very remarkable, a differential 
current of 26° being obtained in favour of frogs in their natural con- 
dition ; a pile of twelve elements of common frogs giving 30®, that of 
the poisoned frogs only 5° or 6®, both, however, in the same direction. 
The same was the case with pigeons, a differential current of 17° 
being obtained in favour of the bird that had not been poisoned. 

Matteucci thus sums up the principal results of his experiments 
on the muscular current : — 

1°. The intensity of the current varies for cold-blooded animals in 
proportion to the temperature of the medium in which they have 
lived for a certain time. 

2®. Its duration after death is so much the less as the animal is 
more elevated in the scale of creation. 

3°. The intensity varies with the degree of nutrition of the muscle, 
and it is always strongest in those muscles which are gorged with 
blood and inflamed. 

4®. It is altogether independent of the integrity and activity of the 
motor and sensorial nervous system. 

5°. The influence of narcotic poisons is null, or very feeble, on this 
current. 

Amongst the different gaseous poisons, sulphuretted hydrogen 
acts in a remarkable manner in weakening the intensity of the 
muscular current, the direction of which is in every case the same. 

(585) More recently* M, Matteucci has added some further 
interesting and important information on the subject of the muscular 
current. He has otained signs of tension at the two extremities of 
his muscular piles by the aid of the condenser. He has also obtained 
electro-chemical decomposition by the current; and by a great 
number of experiments he has established that the intensity of the 
* Comptes Rendus, April 14, 1846 ; Phil. Mag., June, 1846; Elect. Mag. vol. ii. 
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current is in proportion to the activity of respiration, and that is 
proportionate to the rank of the animal in the scale of creation, 
whilst its duration after death varies in an opposite ratio. He has 
further studied the influence of different gases, and has ascertained 
that the* muscular pile acts equally in atmospheric air, in oxygen, in 
very rarefied air, in carbonic acid, and in hydrogen. In the latter 
gas the deviation of the needle of the galvanometer remains constant 
for several hours, a singularity not referrible to an action of the gas 
on the muscles, but to the phenomena of secondary pdarity. The 
nullity of the action of the different gases named upon the intensity 
and duration of the muscular current proves that the origin of the 
current is in muscle itself^ whether living or taken from the animal a 
short time after death ; and that it is in the organization of the 
muscle, and in the chemical actions going on within its very struc- 
ture, that the current exists, is further proved from the fact that 
from piles formed of fibrine, separated from the blood of a recently- 
killed ox, no signs of a current can be obtained. 

(586) If a prepared frog be placed as shown in Fig. 221, with its 


Fig. 221. 



lumbar nerves plunged int^’ one capsule filled with water, and 
with its legs in another, and the circuit completed with the galva- 
nometer, the instrument gives evidence of an electrical current 
passing from the feet tow'ards the head of the animal. The signs of 
this current, wdiich were minutely studied by Matteucci, are much 
increased by arranging several frogs on an insulated surface, so that 
the nerve of each frog shall touch the legs of the following, as shown 
in Fig. 222. Every time the circuit is completed, the needle of the 
galvanometer moves, and the limbs 'of the frogs contract. 

(587) It had been observed by Nobili, that on disposing the frogs 
in such a manner that the nerves of one should touch the nerves of 
the other, End the same with the muscles, no contractions took place 
in either: this ho explained by supposing that in this case the 
electromotive elements were opposed. Matteucci, however, in re- 
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peating and varying the experiments, 
found that the contractions always 
took place, provided the parts of the 
two frogs touched simidtaneously 
were not of the same kind. He 
experimented in the following man- 
ner: The frog, prepared as usual, 
was separated into two halves, but 
joined by the two spinal nerves 
organically united by a smaller piece 


of spinal cord, as shown in Tig. 223. On disposing the frog on an 
insulated plane, keeping the two thighs and the nerves attached to 
them well separated, and thus touching with one leg the other thigh, 
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contraction instantly took place, though they failed on touching the 
legs one with the other. Still stronger contractions took place by 
bending back upon one leg the nerves of the other, so that the spinal 
cord came into contact with the muscles of the thigh. In this 
manner, with a very lively frog, contractions were obtained on 
touching one leg with the other. Frequently the contraction is 
observed in one of the limbs when the circuit is shut, and in the 
other when the circuit is opened. ^ 

(588) By employing a galvanometer, and' touching with one plate 
the leg and with the other the thigh, indications of a current directed 
from the leg to the thigh and from that by the nerve to the other 
thigh were obtained. If the frog was particularly lively, and experi- 
mented with as soon as prepared, it happened that on touching the 
muscles of one thigh with those of the other leg, contractions were 
awakened in the two limbs, as well on opening as on shutting the 
circuit ; but when the animal was not very lively, or was not experi- 
mented with for some minutes after preparation, the limb alone, the 
muscles of the thigh of which were touched, contracted on shutting 
the circuit, whilst the other limb remained tranquil. On opening 
the circuit, the .contrary was the case. From these experiments, 
each of the limbs of the frog are considered by Matteucci as a com- 
plete electro-motive element, and hence it might be anticipated that 
the contractions would fail on touching symmetrical parts, since the 
two currents of the two limbs would circulate with an equal inten- 
sity, but in contrary directions. The two limbs of a prepared frog 
being so disposed that the nerve of one limb and the paw of the 
other should dip in the liquid of a small glass, and the other paw and 
nerve in ^e liquid of another glass, no signs of a current could ever 
be obtained by closing the circuit by a galvanometer, evidently be- 
cause those portions -of the currents developed in the two limbs 
whicli passed tlirough the instrument moved in contrary directions ; 
but if, on the other hand, the disposition of the limbs was such that 
in the one vessel there were plunged the two nerv.es and in the other 
the two legs, signs of a current were obtained, because in this case 
those portions of the current which did not circulate through the 
animal itself took a similar direction through the galvanometer. No 
increased effect was obtained by increasing the number of frogs, the 
current from ten or twelve, lieaped one on the other, being no 
greater than with a single frog ; nor were any signs of a differential 
current obtained by opposing a pile of half frogs to one of entire 
frogs. 

(589) From a laborious series of experiments, M. IMatteucci drew 
the conclusions : — 
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1®. That the complete electro-motive element of the current of the 
frog is formed by one of its limbs, that- is to say, of a leg, a thigh, its 
spinal nerve, and a piece of the spine. 

2®. That through each of the limbs of the frog there circulates the 
current of the other limb, whenever the two legs are made to touch. 

3®. That in experiments with the galvanometer we only get, 
througli the wire of the instrument, the current which results from 
the sum of those two portions of the current of the two limbs which 
do not discharge from limb to limb. 

Then as to the parts of the frog which are necessary for the pro- 
duction of what Matteucci called the current proper, and to the 
circumstances, anatomical and physiological, according to which its 
intensity varies, his experiments lead him to the following con- 
clusions : — 

1®. That the current proper of the frog persists in its intensity 
and direction without the spinal cord, or the spinal and crural nerves, 
and even when the animal is deprived of all the visible nervous fila- 
jnents of the muscular mass of the thigh. 

2°. That the electro-motive element of this current is confined to 
the muscles of the leg and of the thigh organically, united. 

3®. When there is left in the prepared frog the spinal cord, its 
nerves, and their ramifications through the muscles, these nervous 
parts act in the production of the current in the same manner as the 
muscular substance of the thigh. 

(590) The influence of different gases on the current proper of the 
frog was next examined. Carbonic acid at first exerted no influence, 
but after a time it seemed to diminish the sensibility of the nerve, 
causing the contractions proper to cease ; by exposing th^nimals to 
pure oxygen gas before preparing them no effect was proauced ; but 
Matteucci found that boiling water had the effect of extinguishing 
the current altogether. 

(591) With a pile composed of legs alone, a current was produced 
equal to that from the same number of entire frogs ; the direction of 
the current being from the extremity towards the head, but with a 
pile composed of thighs alone, sometimes with the nervous filament 
attached, sometimes with it removed, a very feeble current only was 
obtained. When the tendinous surface of the limb was removed as 
much as possible, a current was obtained sensibly more intense than 
when the tendon was untouched, proving that the cv/rrent proper 
may be obtained from the leg alone. Matteucci did not find, with 
Galvani and Humboldt, that the contractions proper became feebler 
by removing the tendons from the muscles of the leg : on the contrary, 
he could find no other difference in the two cases, than that the con- 
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tractions were extinguished quicker when the tendons were removed. 
Wlien the blood was drained from the bodies of the animals ; — when 
they wore poisoned by sulphuretted hydrogen, or stupefied by nux 
vomica, very feeljle signs of the current or contraction could be ob- 
tained. When slight wounds were inflicted on the muscles of the 
thighs of frogs, so that they became red and inflamed, but did not 
lose bloodi both the current proper and the contraction proper were 
increased; on the other hand, the effect of cold was always to 
diminish, and frequently to destroy, both, though both^were always 
regained by restoring the animal to its proper temperature. 

(592) From a pile of four frogs’ legs, to which were left attached 
a long nervous filament, composed of all the lumbar part and of the 
crural part concealed in the thigh, the nervous filament resting on 
the extremity of the leg of each clement, (Fig. 224,) a deflection of 


Fig. 224. 



4® or 5® in the direction of the current proper (from the feet towards 
the head of the animal) was obtained : but when in the same pile 
the nervous filament of each leg was bent back, and contact made 
between the inferior and superior extremities of the limb, a deflec- 
tion of 10® or 12® was obtained. Tlie presence of the nerve has, 
therefore, no other effect than that of weakening the current, which 
is very natural, if we reflect on the bad conductibility of the nervous 
substance, on the greater length of the circuit, its small diameter, &c . 

(593) Matteucci prepared eight frogs’ thighs by removing the 
legs and leaving the lumbar nerves ; he then cut the thighs nearly in 
half, taking care to preserve the nervous filaments, and forraeiPthem 
into a pile, by connecting the nervous filament of one thigh with the 
muscular surface of the next half thigh. This pile gave him 12® 
muscular current, which in this case was directed from the interior 
of the muscle to the nerve in the animal, or rather from the nerve to 
the surface of the muscle. In this experiment, the nervous filament 
acted as the interior of the muscle in which it ramified. 

(594) The same experiment may be made with the legs of pigeons 
and rabbits ; for this purpose the nervous filament of the limbs or 
the crural nerve which lies beneath the muscle must be exposed, and 
the pile formed by bringing the nerve of each element into contact 
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■with the surface of the muscle, the current deycloped is always 
feebler than when the nervous filament does not form a part of the 
circuit. 

The nerve may, therefore, be considered as acting merely the part 
of a bad conductor, representing the electrical state of that part of 
the muscle nearest to it. 

(595) The following experiments were made in confiijnation of 
this : Let a number of frogs’ thighs be prepared by divesting them 
of their legs •and lumbar nen^es ; let them be cut in half, removing 
the inferior half thigh, instead of the superior as in the preceding 
experiment j and then let them be formed into a pile, making contact 
between the nerve and the interior of the muscle, a muscular current 
directed from the interior of the muscle to the surface (the nerve in 
this case) will be obtained. Here, then, we find the same direction 
in the muscular current relatively to the same parts, interior and 
surface of the muscle ; as to the nerve, however, the direction of the 
current is reversed. 

Again, let a number of half frogs be prepared, the upper half of 
each of the thighs being removed, so that each clement is composed 
of a leg united to a half thigh. Let them be formed into a pile, con- 
tact being made between the under part of tlic leg and the interior 
part of the muscle of the half thigh, a current will be obtained in the 
direction of the current proper, but much feebler than that given by 
a pile composed of an equal number of entire half thighs. 

(596) This result was considered as a necessary consequence of 
the existence in the animal of a current proper and a muscular current. 
It must be remembered, that the leg alone of the frog gives the 
current proper, and that the muscular current given by the half thigh 
is directed always from the interior of the muscle to the surface. It 
follows, then, that in this pile there must be two currents circulating 
in contrary directions, which necessarily mutually weaken each other, 
and since in this disposition a current in the direction of the current 
proper is obtained, it follows, that in the limbs of the frog this current 
is more intense than the muscular current. The function of the 
nerve was that of a feebly conducting body which represents the 
electrical state of that part of the muscle which is nearest to it. 

(597) From these and numerous other experiments, M. Matteucci 
came to the conclusion that there are two distinct currents, viz. : 1®. 
The frog current, an upward Electro-motive powder in the leg of the 
frog and peculiar to this animal alone ; and 2°. A new current common 
to the frog and all w'arm-blooded animals according to which the sur- 
face of the muscle, including the expansion of the tendon, positive in 
relation to the interior of the muscle, the nerve which ramifies in the 
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muscle, and the whole nervous system. In the latter part of the year 
1842, the subject was taken up by Dr. Du Bois Eeymond, who in 
January, 1843, published a paper {ann : der FhysieJc und Chemie Bd. 
Iviii. s. 1.) in which he showed: 1®. That currents in all respects similar 
to the so-called frog current, may be observed in any limb of any 
animal, whether cold or warm-blooded. These ciurrents in some limbs 
are directed upwards, as in the frogs’ legs — in others, downwards. 
They ard of dijfferent intensities in different limbs. But their intensity 
and direction are always the same in the same limb of different indi- 
viduals. of the same species. 2®. That the Electro-motive action 
on which these currents depend does not arise from the contact of 
heterogeneous tissues, as Volta suppose^, for the different tissues, the 
nerves, muscles, and tendons, in an electric point of view, are quite 
homogeneous. 3®. That these currents are produced by the musefes. 
If any undissected muscle of any animal be brought into the circuit 
longitudinally, it generally exhibits an Electro-motive action, the 
direction of which depends on the position of the muscle on the ends 
of the galvanometer circuit. 

(59S) By longitudinal section of the muscle, Du Bois Eeymond 
understands a surface formed only by the sides of the fibres of the 
muscles considered as prisms. By transverse section of the muscle, 
he miderstands a surface formed by the base of the fibres of the 


Fig. 225. 



muscles again considered 
as prisms. Both the trans- 
verse and the longitudinal 
section may be either 
artificial or natural ones. 
Thus, in Pig, 225 a section 
through < 1 , &, would be an 
artificial transverse one; 


and a section through c, an artificial longitudinal one. 

A natural transverse section is at each end of the muscle fonned 


by the ends of all the fibres, and hidden beneath a coating of tendi- 


nous tissue, w hich is in connection with .the tendon itself and in an 


electric point of view plays the part of an indifferent conduct- 
ing body (e, /, y, Ji, in the diagram). The natural longitu- 
dinal section of the muscle is that part of its external surface w^hich 
extends from one natural transverse section to the other, being free 


from the tendinous coating and exhibiting the red colour peculiar to 
muscles (/, h, e,g, in the diagram). 

(599) The law of the muscular current may therefore be shortly 


expressed as follows : “ Any point of the natural or artificial longU 
tvAinal section of the muscle is positive in relation to any point of the 
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Fig. 226. 




natnral or artificial transverse section?^ By means of this law, it is very 
easy to understand why the muscular current in one instance appears 
to i)e an upward, in another a downward one, according as the under 
or the upper of the two transverse sections is made to touch one of 
the ends of the galvanometer wire, whilst the other end is applied to 
the longitudinal section of the muscle. Again, according to this law, 
every particle of a muscle, however minute, ought to produce a 
current in the same manner as the whole muscle or as a larger piece 

of it. This consequence is 
true even as regards shreds of 
muscle consisting of only a 
■ few primary fibres. Fig. 226 
represents the simplest case of 
4- +* the muscular current observed 

by Dr. Du Bois Eeymond, the primary fibres being magnified 75 
times. 

The nerves, according to Du Bois Beymond’s observations, are 
possessed of an Electro-motive power, which acts according to the 
same law as the muscles. Whilst still in organic connection with 
the muscles, and forming part of a circuit in which the muscles give 
rise to a current, the nerves simply play the part of an inactive con- 
ducting body, provided their own current be prevented from entering 
the circuit. 



JPh^siological Fhenomena produced hy a Muscle during Contraction. 

(600) The nervous filament attached to the leg of a prepared frog 
being made to touch the thighs of another frog, both insulated, and 
the lumbar nerves of the latter being touched with a voltaic pair, 
contraction takes place not only in the muscles of the frog touched, 
but also in the leg of the other ; the same happens if the lumbar 
nerves be irritated with a pointed instrument, contraction always 
taking place in the second frog, provided the contraction in the 
muscles of the first be sufficiently strong. The same experiment may 
be successfully repeated with a rabbit ; but Matteucci found that 
when the nerve of a prepared frog’s leg was laid -on the bared muscle 
of the thigh of a living rabbit, and the latter made to contract by a pile, 
contraction was at the same time produced in the leg of the frog. If a 
thin plate of gold, or any very thin insulating substance be interposed 
between the muscle and the nerve, no contractions are excited in the 
second frog ; but they are not prevented by a layer of thin unsized 
paper. The phenomena cannot, therefore, be attributed to any 
mechanical action exercised on the leg by its nerves. 

(601) M. Becquerel, with whom M. Matteucci repeated these 
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experiments, after satisfying himself that an insulated plate, even 
when extremely thin, prevented the action of the muscles from 
causing contraction in the nerve of another animal laid upon them, 
came to the conclusion that the phenomenon is only to be explained 
by admitting an electrical discharge during the act of contraction. 
At the instant the frog contracts, hefpupposea that there is an 
electrical discharge through the^ extremity of the nerve 6f the leg, 
when this extremity is placed on the muscle, or when it is separated 
from it by a band of moistened paper only : it disSiarges through 
gold leaf because this conducts Electricity better than the nerve, a 
fact analogous to that observed on placing a torpedo in a metal vice 
which is held in the hand. In this case, the discharge takes place 
through the metal, not through tfe hand. All these effects can be 
produced only from derived currents, and we must, therefore, admit the 
production of an electrical discharge at the instant of the contraction 
of the muscle. If,” says M. Becquerel, “ experiments undertaken in 
another direction should confirm the consequences to be deduced 
from the experiments of Matteucci, this philosopher will have dis- 
covered one of the most important properties of the muscles while 
under the empire of life, or even for some time after death.’* 

(602) M. Matteucci spared no pains in endeavouring to obtain 
a satisfactory solution of this problem ; but his experiments were not 
attended with results that were altogether conclusive. He com- 
menced by shutting the circuit of a muscular pile, composed of living 
animals, with the galvanometer, taking caa?e that the needle was 
arrested at a certain deviation, and he then aroused contractions in tho 
muscles in such a manner as to avoid augmenting directly the pre-exist- 
ing current. To avoid all chances of error, it was necessary to avoid 
augmenting the conductibility of the pile; indeed, if this care be 
not taken, it might be supposed that, although the contractions be 
followed by an augmentation of the intensity of tho current, this 
second effect may be due to the better conductibility of the pile, 
which allows the muscular current to circulate more easily. In 
experimenting with muscular piles, it is ’found that, though tho first 
deviation may be considerable, the needle finally rests at a compara^ 
tively very small angle. Matteucci tried in vain to compose piles 
of a certain number of elements, with living pigeons fixed on a board. 
He then resorted to frogs, operating with the current proper. He 
prepared a pile of eight or ten elements, and shut the circuit vdth the 
galvanometer. The deviation, T^hich at first amounted to 40® or 50°, 
settled at 6° or 8°; when the needle was nearly stationary the frogs 
were to be caused to contract. Here was the difficulty. His first 
idea was to pass an electrical current through them ; but as one part 
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of this current would pass through the galvanometer, it soon became 
evident that this plan would not answer. Irritation of the spinal 
marrow was then resorted to ; but although in some cases an aug- 
mentation of the deviation, amounting to from 3® to 4®, was observed, 
nevertheless it proved so difficult to preserve the integrity of the 
circuit, owing to the violenc^f the contractions, that nothing like a 
definite result could be obtained. Chemical agents were then em- 
plo}'ed ; an alkaline solution applied to the lumbar nerves gave the 
best results.# ^he contractions were not so violent, and they 
remained longer, and they were followed by an advance of the needle 
of the galvanometer of 5®, 6®, and sometimes of 10®. That this was 
not due to an increased conductibility of the surfaces in contact 
between each frog, was proved b^he effect failing on the second 
application, and the circumstance of acids and salts not augmenting 
the deviation ; neither was it occasioned by a chemical action, exer- 
cised unequally on the nerves and muscles, giving rise to a current 
moving in the same direction as the current proper. This, Mat- 
teucci proved by a series of well-contrived experiments. In summing 
up his results, however, he says : “ I cannot say that the question 
is completely solved, and I must stop, not knowing how to proceed 
in the investigation.” 

(603) More recently this curious subject has been investigated by 
M. Du Eois lieymond, and an explanation, founded on the following 
law, ofiered : “ When any point of the longitudinal section of a 
muscle is connected by a.conductor with any point of the transverse 
section, an electric current is established which is directed in the 
muscle from the transverse to the longitudinal section; in other 
words, the real seats of the electro-motive action are not only the 
separate muscles which compose the limbs, but the separate fibres 
which compose these muscles.” If the transverse and longitudinal 
section of a muscle be in any way connected by the nerve of the 
prepared limb, a current will proceed through the said nerve 
from the latter section to the former. This current announces 
itself by the contraction of the muscle of the prepared limb on first 
making contact. The contractions cease when the current is fairly 
established in the nerve ; and on breaking the circuit, they are again 
observed. But it is not on the closing or the breaking of the circuit 
alone that the contractions are produced ; every sudden fluctuation of 
the current traversing the nerve is accompanied by contractions. 
Applying this to the case before us, we find that the current of the 
muscle against which the nerve of the prepared limb rests, circulates 
through the said nerve. *When the muscle is tetanized, this current 
is diminished at each convulsive effort, and its fluctuations are 
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answered by corresponding contractions of the prepared limb. In 
reply to this,®Matteucci denies that the nerve touches two portions 
of the muscle in the manner described by Du Bois Eeymond, but 
the Paris Academicians seem to have been satisfied with the explana- 
tion, for they came to the decision “ that the above fundamental 
fact furnishes a direct ^explanation of the induced contraction of 
Matteucci.” 

The Influence of the Electric Current on living or on recentlylcilled 

Animals* 

Hie general laws of the contractions and sensations excited hy the 
electric current in nerves motor and sensitive* 

(G04) On applying the poles of a certain number of elements to 
any part whatever of the body of an animal Imng or recently killed, 
we find that they are seized with convulsions, which are sometimes 
so violent and so general that one almost fancies that the dead animal is 
restored to life (446). We read in the annals of the science, of experi- 
ments made at the period of the discovery of the pile, which induced 
some savants to imagine that they had discovered the principle of 
life, merely from observing the grimaces produced by the electric 
current in the facial muscles of decapitated animals. 

Happily for science, this infiituation did not last long, and men 
betook themselves, to a serious study of electro-physiological 
phenomena. To commence with a general exposition of these 
phenomena: When a pile of from fifteen to twenty couplets is 
made to act on the living animal, taking care to incltlde a portion 
of tlie nervous system, it contracts, crooks its back, and utters a 
cry. If the current be very strong, these phenomena persist when 
the circuit is kept closed; but usually it is only when the circuit is 
formed and interrupted that they occur. By operating on animals 
recently kiUed, tlie same phenomena, wdth the exception of the signs 
of sufiering, take place, and of all animals the prepared frog is the 
most sensible to feeble electrical currents. 

(605) According to Nobili, the vitality of the nerve of a recently- 
killed animal may be divided into Jive periods, in each of w’hich the 
action of the electric current differs. In the first period, the direct 
current — i, c. that directed from the brain to the extremities of the 
nerves — ^produces contractions in the inferior muscles w'hen it com^ 
mences and w^hen it ceases its passage : the same phenomena are 
produced by the inverse current. In the second period, when the 
nerve begins to be* less sensitive, the direct current produces con- 
tractions at its commencement, while they become very feeble at the 
instant it ceases to pass. The inverse current does not produce con- 



444 


ELECTBO-PHXSIOLOGT. 


tractions on entering, but always on ceasing. In the thirds period, 
contractions are only produced at the commencement # the direct, 
and at the interruption of the inverse current. In the fourth period, 
there is only contraction when the direct current commences ; and in 
theffth and last period, the action of the current on the nerves is in 
every case null. 

(606) J^ccording to Marianini, the electric current transmitted 
through a nervous trunk well insulated, produces contractions in the 
inferior musdes in two cases only, viz., when the direct current com- 
mences, and when the inverse current is interrupted. The same 
philosopher, by repeating with extreme care the experiments of Lehot 
and Bellingeri, came to the conclusion, that the direct current 
produces a sensation when it is interrupted, whilst the same pheno- 
menon is developed by the inverse current the instant it commences. 
The following table may, therefore, very simply express the general 
law of the action of the current on a living or recently-killed animal, 
as deduced by Marianini : — 


Direct 

current 

Inverse 

current 


r when it commences, . 
< circuit closed, . . 

C when it ceases, . . 

r when it commences, 

•< circuit closed, . . . 

C when it ceases, . . 


contraction of the inferior muscles : 
. . . . nothing ; 

. • . . sensations ; 

. . . . sensations ; 

. . . . nothing ; 

•contractions in the inferior muscles. 


(607) Matteucci experimented on a rabbit in the following man- 
ner : The animal was secured on a board, and about an inch of its 
sciatic nerves laid bare and well insulated ; it did not appear to suffer 
much pain, and there was very little haemorrhage. Underneath the 
isolated portion of the nerves a long piece of varnished silk was 
placed, and the nerves were then wiped vdth unsized paper, to be 
certain that they were perfectly insulated ; one nerve was then sub- 
mitted to the direct, and the other to the inverse current, the length 
comprised in the circuit being about two-thirds of an inch A single 
pair of zinc and copper, or of zinc and platina plates was employed ; 
but with the current from this battery, Matteucci was never able to 
obtain any wcU-marked signs of suffering, nor of contractions in the 
muscles above the irritated nerve, but contractions always took place 
in the inferior muscles on shutting or on opening either the direct or 
the inverse current. By continuing for a certain time the action of 
this cun*ent on the same points of the nerve, it was found that con- 
tractions of the inferior muscles only take place at the commence- 
ment of the direct current, and at the interruption of the inverse. 

In these kind of experiments it is important not to submit the 
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same nerve to the passage of two contrary currents, one after the 
other, the passage of an electric current along a nerve beiog found 
to modify in some way its excitability, for a current passed in the 
contrary direction. 

(G08) When a battery of ten pairs was employed, the rabbit exhi- 
bited distinct signs of suffering : at the comencement of the direct 
current, all the inferior muscles contracted, the rabbit squeaked, 
contorted its back, and agitated its ears: the same occurred on 
operating with the inverse current, and always took* place at the 
instant w hen the two currents ceased. By repeating this experiment 
on several individuals, it was found in general that the signs of suffer- 
ing were strongest when the inverse current commenced, and that the 
greatest muscular contractions were those produced at the commence- 
ment of the direct current. The commencement and interruption of an 
electrical current of certain intensity, acting on a certain portion of 
the nervous system, are followed then by the same phenomena, what- 
ever may be the direction of this current through the nerve. By 
continuing to operate on the same animal, it is easy to see that the 
phenomena do not always take place in t^c same manner. The 
variations which occur commence after a certain time, which is so much 
the shorter as the current employed is more intense. 

(609) By prolonging the action of tlie current on the living 
animal, the following differences w^ere noticed : When the direct 
current was interrupted, the contractions of the inferior muscles 
became more feeble ; whilst they continued in the muscles of the ^ 
back, the ears were agitated, and the animal frequently uttered cries ; 
when the direct current commenced, the effects were limited to con- 
tractions of the inferior muscles. In the inverse current, the con- 
tractions of the muscles of the back, the agitation of the ears, and 
the cry, took place at the commencement, whilst the contractions of 
the inferior muscles were hardly perceptible. At ^he interruption 
of this current, the contractions of the inferior muscles took place, 
while those of the back and cars, and also the cry, entirely dis- 
appeared. 

(61.0) Thus, then, the action of the electric current, which excites the 
nerves of a living animal, may be reduced to two periods only. In 
the first period, the excitation of the nerve is transmitted in every 
direction to its periphery as well as to its centre, at the commence- 
ment of the excitation as well as at its interruption, and that inde- 
pendent of the direction of the current in the nerve. In the second 
period, the excitation of the nerve is conveyed towards its extremities 
by the direct current at its commencement, or by the inverse current 
at its interruption : on the contrary, the excitation of the nerve is 
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transmitted towards the brain when the direct current is interrupted, 
or when the inverse current commences. 

These results may perh^s be expressed in simpler terras : the cur- 
rent during the second period acts in the sense of its direction when 
it commences, or in the contrary sense when it ceases. 

(611) 13ut in what way does the electric current produce contrac- 
tions in the muscles of the back and head, when this current acts on 
a nerve which does not ramify through these muscles ? How 
happens it that, in opposition to the generally-received idea, muscular 
contractions should be produced by the excitation of a nerve in a 
backward direction ? 

Matteucci answered this question by the following experiment. He 
cut the spinal cord of a rabbit arrived at the second period, and 
found that the contractions of the muscles ^hove the excited nerve, 
only affected those helow, to the point where the cord had been cut, 
and which were consequently compriscnl between the point excited, 
and the point where the nerve was cut. If the spinal cord be cut 
altogether at its extremity, there will no longer be found contraction 
at any ])oint above the,excited nerve. The phenomena produced by 
the passage of the electric current are reduced, then, to the contrac- 
tion of the inferior muscles, which takes place at the commence- 
ment of the direct current, and at the interruption of the inverse 
current. 

(612) It had been shown by Yalli that after an animal had ceased 
to exhibit contractions by the prolonged action of an electric current 
through its nerve, the contractions may be renewed by causing the 
current to traverse a portion of the nerve further removed from the 
brain and nearer the extremities than before. INfatteiicci verifit'd this 
with several animals, proving the generality of this principle, viz., 
that the property of a nerve to excite contractions in the muscles 
through which^t ramifies by the passage of a current, retires towards 
the extremities of the nerve in proportion as its sensibility dimi- 
nishes. 

(613) By operating with the inverse current, it was found that, 
in proportion as the sensibility of the nerve became diminished, it 
became necessary, in order to produce signs of suffering and contrac- 
tions of the superior muscles, to make the current traverse portions 
of the nerve nearer the hrain and further from the extremities ; hence 
the conclusion that the portion of the nerve which, at the introdAc- 
tion of the direct current, excites contractions in the muscles, is so 
much further from the central system as the vitality of the nerve 
becomes less ; on the other hand, that the portion of the nerve 
which, at the introduction of the inverse current, excites painful 
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sensations, approaches nearer the central system as the vitality of the 
nerve becomes less. • 

When recently-killed rabbits were submitted to the* action of a 
single couple, the inferior muscles contracted at the commencement 
of the direct current, and at the interruption of the inverse, whatever 
the direction in which it was applied ; but if the current were con- 
tinued, those contractions alone were obtained which were due to 
the commencement of the direct and the interruption of the inverse 
current. 

By numerous experiments on frogs, Matteucci convinced him- 
self that the electric current acts only on the nerve, and that there 
are not, as Marianini objected to Nobili, currents which run at 
the same time directly, and in an inverse direction, following the 
ramification .of the nerve. 

(611) It has been demonstrated by Marianini that contractions of 
the muscles may be obtained at the interruption of the current with- 
out the production of those due to its commencement. He has also 
shown that the contraction due to the interruption of the current 
may bo obtained without destroying the circuit, but by diverting it . 
from the body of the animal by a better conductor-; he has also 
ascertained that this contraction, wliich takes place at the interrup- 
tion of the current, is stronger in proportion as the circuit has been 
closed a longer time : from his experiments he has drawn the con- 
clusion that during the passage of a current through a nerve in the 
direction of its ramification, there is one portion of the Electricity 
which accumulates in this nerve, which act the instant of the inter- 
ruption of the circuit discharges itself, traversing the nerve in a con- 
trary direction, thus giving rise to the contraction produced by the 
inverse current at the moment of its interruption. Matteucci, how- 
ever, objects to this hypothesis, which he thinks inconsistent with 
the knowledge we possess of the conducting power of nen^ous sub- 
stance, and of the manner in which it propagates Electricity through 
the muscles. 

The Action of the 'Electric Current during its passage across the 

Nerves and Muscles at the same time on living or recently •’killed 

Animals. 

(615) If it were possible entirely to deprive muscle of all nervous 
filaments, we might hope to discover the action of the electric cur- 
rent on muscular fibre, and thus resolve the question which, since 
Haller’s time, has agitated physiologists ; viz., whether muscular 
fibre pf itself, independently of all external action conveyed through 
its nerve, is capable of undergoing contraction, and whether the 
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excitation of tlie nerve is merely one cause of awakening irritability 
of the muscle, or if, on the contrary, in order produce contraction 
of this muscle, its nerve should be previously irritated. 

(616) When a nerve has been for a certain time separated from 
the central nervous system, it no longer possesses the power of excit- 
ing contractions ip. the muscles through which it ramifies by irrita- 
tion, or by the action of an electrical current. Matteucci found also 
that a pile of eight or ten couples produced no action on the sciatic 
nerves of frogs poisoned with nux vomica, even when the current was 
passed along the extremities of this nerve, although the same current 
dii*ected through two points of a muscle of the same animal awakened 
lively contractions. He hence concludes, 1®. That the property of 
the living muscular fibre to contract when submitted to external 
actions, whether directed on the fibre itself or on the nerves ramify- 
ing therein, is inherent in itself. 2®. That the motor nerves, irritated 
in any manner whatever, produce contractions in tho mhsclcs in 
which they ramify, by awakening this inherent property jof the 
muscle. 3®. That these nerves lose this property by the action of 
narcotic poisons ; by their separation at a certain distance from the 
central parts of the nervous system; by a ligament interposed 
between the points of the irritated nerve and the muscles ; by the 
continuance of the exciting action, independent of any permanent 
and substantial alteration in the nerve, which is proved by tho pro- 
perty possessed by this nerve of recovering by repose, or by actions 
which may be called contrary, its primitive faculty. 4®. Ajid that, 
lastly, in order that the irritability of the muscular fibre should con- 
tinue, it is necessary to preserve in this fibre the simultaneous action 
of the sensitive and organic nerves, and of the blood by which it is 
nourished. 

(617) From these principles it seems possible to predict, 4 ^priori, 
what should be the direction of an electrical cun’ent w^hich traverses 
a mass of muscle, and at the same time all the nervous filaments 
ramifying therein. If this muscular mass be traversed by the current 
in a direction parallel to that of the principal nervous trunks dis- 
tributed therein, it seems evident that the resulting contraction 
should be stronger than that produced by the same current trans- 
mitted in a direction normal to that of the nervous trunks. Indeed, * 
the contraction obtained in the first case is due to that which is 
proper to the muscular fibre, and to that which is caused in this 
fibre, by the excitation of the nerves which are traversed by one 
portion of the current. At the same time, it results that the laws of 
the contractions excited by the current which traverses a muscular 
mass, should not, especially while the vitality is still great, differ 
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from that found to belong to the action of a current limited to the 
nerve. 

Matteucci carefully removed all 227. 

the visible nervous filaments from 
the thighs of rabbits, from the 
breasts of pigeons, and from the 
hearts of several other animals; in 
this state he passed through them a 
current from twenty or thirty pairs, 
and he found that the muscles 
always underwent contraction when 
the circuit was closed. The con- 
traction only lasted for a moment, 
and seemed to consist in a sort of 
shortening of the fibres, which 
caused them to oscillate and knit 
up ; on keeping the circuit closed, 
the fibres regained their original 
condition, but again contracted, 
though more feebly than before, on 
interrupting the current. The di- 
rection of the current had no in- 
fluence on the result, and if the 
circuit was kept closed for a con- 
siderable time, there was no con- 
traction on interrupting it. Thus, 
tlien, visible nervous filaments are 
not necessary for the production of 
muscular contractions by the electric 
current, though much greater efiects 
are produced by a current on a nerve 
than on a similar breadth of muscu- 
lar fibre, which might be expected from the very great superiority of 
conducting power possessed by the muscle. 

(618) When an electrical current is passed through a prepared 
frog, arranged as shown in Fig. 227, where the current is direct for 
one of the legs and inverse for the other, the following phenomena 
are observed: At the commencement of the experiment, when the 
animal is very active, j3oth legs contract, at the commencement as 
well as at the interruption of the current. As vitality diminishes, 
only one of the legs contracts ; that which is traversed by the direct 
current contracts at the commencement, and that traversed by the 
inverse current at the interruption. These results are analogous to 

o a 
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those obtained by operating with the current on the nerve alone, 
and it is principally to the action of the current which traverses the 
attached nerve, and ramifies tlirough the muscle, to which the action 
of the cuirent, which traverses at the same time the nerves and the 
muscles, is due. It had been noticed by Marianini that, on including 
two arms in the circuit of a pile of fprty or fifty elements, a much 
stronger shock is experienced in the arm in contact with the negative 
pole than in that in contact with the positive ; now it is easy to see 
that in this experiment the great nervous trunks of one arm are tra- 
versed by tlie direct current, and those of the other by the inverse 
current, and as, by experiments on the nerve during its first period 
of vitality, it has been established that the contractions excited by 
the commencement of the direct current are always gi'eater than 
those excited by the commencement of the inverse, it seems that wo 
have only to admit that the contraction produced in a muscle by a 
current is due, in a great measure, to the action of this current on 
the nerve which ramifies through the muscle, in order to explain the 
difference of the intensity of the shocks experienced in the two arms 
in the above experiment. 

The Action of an Electric Current traversing" a Nerve normally to 

its length. 

Fig. 228. Matteucci made 

the following experi- 
ments : Two frogs’ 
legs were prepared, 
their nervous fila- 
ments being pre- 
scr\"ed, and arranged 
on an insulated sur- 
face, in such a manner 
that the two nervous 
filaments crossed at 
riglit angles, as shown 
in Fig. 228, one of the 
nerves was cut in half, and the two newly -formed extremities were 
removed about an inch, or an inch and a quarter distant from the 

nerve of the other leg ; the surfaces of the divided nerve were then 

unitedjfcy a drop of distilled water. Thus arranged, the points a and 
h of tM cut nerve were touched with the extremities of a pile com- 
posed of a certain number of elements: the current necessarily 
traversed not only the water, but the interposed nerve also ; never- 
theless, it was only the leg,, the nerve of which was touched by the 
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extremities of the pile, that contracted, the other leg, the nerve of 
which was traversed normally by the current, remained at rest ; and 
although, when a great number of couples was employed, cpntractions 
were obtained in both legs, the experiment distinctly proves that an 
electric current which traverses a nerve normally to its length, has 
less power of arousing contractions in the muscles through which it 
ramifies, than the same current when it traverses the same length of 
nerve longitudinally. 

The Causes which modify the Action of the Electric Current on the 

Eerves, 

(610) 1st. Alternations of the Current. — If the current from a 
certain number of couples be allowed to pass during the twenty-five 
or thirty minutes through a frog, arranged as in Fig. 228, it is found 
that on interrupting the circuit, and immediately shutting it again, 
the animal undergoes no contraction in either case. The time 
required to produce this effect varies according to the force of the 
pile and the vitality of the frog. When the animal is reduced to 
the point at which it ceases to contract, if the poles of the pile be 
reversed, or if the frog be turned over, so that the current may be 
transmitted through the limbs in a contrary direction, contractions 
arc obtained anew on shutting the circuit for the limb in which the 
current is direct, and on interrupting it for the other. If the cur- 
rent be left shut in this second position of the frog, it is found after 
a certain time (which is always shorter than in the first case) that 
the animal ceases to contract, whether on opening or on shutting the 
circuit. This being obtained, it is necessary to reverse aiiPw the 
position of the frog, or that of the poles of the pile, by w'hich the 
animal becomes traversed by a current similar to that at the com- 
mencement of the* experiment ; it then contracts anew on shutting 
the circuit for the limb traversed by the direct, and on interrupting 
it for the other. These alternations continue for a certain time, 
growing gradually weaker, and the contractions becoming less, ac- 
cording to the time required for passing’ from one alternation to 
the other. 

(620) These facts may be simply expressed thus : The current 
which traverses a motor nerve in a living or recently-killed animal, 
and which continues to pass along this nerve for a certain time, so 
modifies its excitability as to render it insensible to its pasj|flge as 
long as it traverses in the same direction, but the excitability bf the 
nerve recovers under the influence of the same current directed in a 
contrary way : when, then, a nerve has been thus modified by the 
passage of a current, we may restore to it the excitability it has lost 
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by Bending through it for a certain time a current, directed in a con- 
trary way from that which destroyed its excitability. It has been 
shown by Marianini that the phenomena above described may be 
referred entirely to the weakening of the action of the current, 
directed in a certain direction through the nerves, and to a restora- 
tion of this action by a current directed in a contrary way. It seems 
then, that there exists in the living animal a force which wrestles 
continually against the property of an electrical current, to weaken 
the excitability of a nen^e through which it traverses in a given 
direction. It is this force which, in the living animal, is capable of 
re-establishing the excitability which the nerve* has lost, provided it 
be left for a certain time unacted upon by the current. This has 
been well established by the experiments of Marianini, and it is an 
ascertained fact, that repose produces in a living animal, the nerves 
of which have lost their excitability by the action of an electrical 
current, the same effect as the passage of a current through the 
nerves in a contrary direction. That the phenomena of alternations 
are produced*eptirely by the action of the current on the nerve was 
proved by Matteucci, bypassing a current through a piece of muscle,* 
deprived as much as possible of all nervous filaments ; he never 
found, on reversing the position of the extremities of the pile, that 
the lost power of cont*rac*tion was regained^. 

( 621 ) The alternation which is produced in a nerve by the pas- 
sage of an electrical current, is not independent of its direction rela- 
tively to the ramification of the nerve. The direct current destroys 
the excitability of the nerve much more quickly than the inverse 
current. The following experiment confirms this : A prepared frog 
was cut at the union of the two bones of the thigh ; it was 
then placed with its paws in two basins of water, and a current 
from sixty to eighty couples was passed directli/^ov one limb, and 
inversely for the other. In performing this experiment care must be 
taken that the frog does not leap out of the basins. The contrac- 
tions continued for some seconds after the closing of the circuit, and 
it was remarked that the limb traversed by the direct current palpi- 
tated for a certain time. After fifteen, twenty, twenty-five, or thirty 
minutes, according to the degree of vitality in the animal, the W'ater • 
in the two basins was united by a metallic arc, by w Inch a great 
portion of the current was caused to leave the animal, and the limb 
traversed by the inverse current w^as. found to contract. On remov- 
ing the arc the contraction ceased. The experiment was repeated 
several times with a similar result. In order to be still better 
assured that the nerves of the two limbs have become differently ex- 
citable, the frog may be arranged with its nerves in one glass, and 
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its two feet in a second. Then, on passing the current, one of the 
limbs is seen to contract, sometimes at the commencement, some- 
times at the interruption, according as the current is direct or 
inverse. In both cases, the limb which contracts is always that 
which has been traversed by the inverse current in the first experi- 
ment. When, by the continued passage 'of the current only, one of 
the limbs of the frog has become capable of contraction, the direction 
of the current may be reversed, so that the limb before traversed by 
the inverse current shall now be traversed by the direct, and vice 
versd. It is then found that, by continuing the current for a certain 
time, the limb which had lost the pow^er of contraction has regained 
it, although this property Has ceased in the other. 

(622) It may then be concluded, 1®. That the passage of an 
electric current across a nerve weakens its excitability in a difierent 
manner, according to its direction. 2®. That the passage of the 
direct current renders the nen^e less excitable by this same current 
than the passage of the inverse current. 

On submitting two frogs, similarly prepared, for from ten to fifteen 
minutes, one to the passage of a continuous current of forty-five 
couples, and the other to the current of a similar pile, the action of 
which was broken and renewed at short intervals, Matteucci found 
that the nerves of the animal that had been subjected to the inter- 
rupted current were much more weakened than those of the other, 
and it required a stronger pow'er to excite the former than the latter. 
Marianini also remarked that of two frogs, one traversed by a con- 
tinuous current always in one direction, the other by a similar 
current sent sometimes in one direction and sometimes in the other, 
the first suffered least in loss of excitability. 

(623) 2nd. Ligature of the Nerve , — It is a well-known fact, that 
when in a living or recently-killed animal, a nerve is l^ed and 
irritated above tlie ligature, i. e,, towards the brain, no contractions 
ensue, but the animal exhibits signs of suffering ; and, on the other 
hand, that when the nerve is irritated below the ligature, strong 
contractions of the inferior muscles ensue, without any signs of 
suftering being evinced. The same general results are obtained 
when the electrical current is the stimulant employed, but in this 
case the ligature must be tied tightly, and care must be taken 
perfectly to insulate the animal operated upon. 

(624) 3rd. Poisons . — Carbonic acid gas, nitrogen, and chlorine do 
not* weaken the excitability of a nerve submitted to an electrical 
current ; the same may be iaid of sulphuretted hydrogen. Hydro- 
cyanic acid, on the other hand, possesses a remarkable power of 
weakening the excitability. It begins by exciting tetanic convulsions 
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in frogs exposed to its influence ; and if they are prepared in this 
state, and submitted to the action of an electric current, they still 
contract, especially if the current traverses the nerves and muscles 
at the same time, or the muscles only. But if the frogs poisoned by 
this acid be submitted to an electrical current, after they have ceased 
to exhibit tetanic convulsions, it is very rarely that contractions can 
]^e obtained with the current from a single pair passed along the 
lumbar nerves. A veiy strong current only produces very feeble 
contractions^ and the excitability altogether disappears after some 
seconds. 

Death by the electric discharge destroys . almost entirely the ex- 
citability of a nerve by an electric current, but the mhscles of the 
animal do not lose their irritability, for the current still excites con- 
tractions in them. 

(625) The action of narcotic poisons is curious. The animals are 
first brought to a state in W'hich the most feeble contraction suffices 
to agitate their whole frame ; they then assume the tetanized con- 
dition, during 'which tlieir limbs become completely stiffened, and 
after a few minutes all movement ceases, AVhen a frog was sub- 
mitted to the action of a current in the first of these conditions, 
contractions were obtained as usual, both at the commencement and 
at the interruption of the circuit,- whatever its direction. During 
the second period the following phenomena were observed; By 
operating on the nerve alone, its excitability was found to be weak- 
ened. Sometimes the tetanic comnilsions were prolonged for some 
seconds, although the spinal cord was cut. But if, instead of pre- 
paring the frog thus tetanized, it was submitted to the passage of a 
current from a pile of thirty or forty pairs directed along its body, 
the frog, which an instant before was quite rigid, experienced a smart 
shock ttt the commencement of the current, and then, by leaving the 
circuit shut, the tension of the muscles relaxed. Matte ucci in this 
experiment remarked one difference between the direct and the 
inverse current. The current directed from the feet to the head 
excited at the commencement a shock which was w eaker than that 
produced at the commencement of the direct current. This difference 
betw^een the action of the two currents is in accordance with the 
general laws already detailed. 

Lastly, during the tliird period of the narcotic poisoning the ex- 
citability of the nerve w'as found either null or nearly so, while the 
muscular fibre still exhibited contractions when submitted to ^ the 
electric current. 
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The Action of the Electric Current on the Nerves of the Senses^ 
and on the Cheat Sympathetic Nerve, 

(626) All the researches in electro-physiology, that have been 

undertaten ffom the commencement of the science of galvanism to 
tur own time, have proved that the current acting on the nerves of 
the senses only brings into play the special action appertaining to 
each of^ these nerves, a proof that the electric current acts merely as 
other stimulants. , • 

It was Volta who first demonstrated the existence of a sensation 
of light when the electrical current traverses any point of the optic 
nerves. The experiment is easily made by touching with an ele- 
mentary couple the eye or eyelid and the tongue. Whatever may 
bo the intensity of the current, it is only the sensation of light that 
is perceived. If we reflect that this seixsation may be produced by a 
very feeble current, and one certainly incai)able of exciting a muscular 
contraction sufiiciently strong to shake the eye,, it must be admitted 
that the efibet is really to be ascribed to the excitation of the optic 
nerve. An. analogous phenomenon is produced when the current is 
made to act on the auditory nerves. Volta, on applying the two 
poles of a pile to his two cars, experienced a hissing^ a -sort jerking 
noise, which continued all the time the circuit remained closed. 
According to Eitter, the sensation is only experienced at the com- 
meilcement of the current, and the noise is sharper at the negative 
pole. 

(627) Again, in the experiment of Sulzer, a taste is experienced 
when the tongue is traversed by an electrical current. This taste is 
sourish when a plate of zinc is placed at the base of the organ and a 
plate of silver on the surface, the two plates being brought into con- 
tact; by reversing the position of the plates, the taste becomes 
alkaline, but this feeble intensity current could not certainly be 
supposed to decompose the salts dissolved in the saliva A similar 
sensation was experienced by Volta by taking in his hand a goblet of 
pewter filled with a moderately alkaline solution, and bringing the 
base of the tongue into contact with the liquid. It must be 
remarked that the taste was which excludes entirely the idea 
that it was occasioned by the contact of the alkaline liquor with the 
tongue. It seems evident, therefore, that the taste excited by the 
electric current must be owing to the special excitation of the gustar 
tory nerves. In general, then, the effect of a current acting on the 
nerves of the senses is to awaken the special function of those 
nerves. 

The passage of an electric current through the cardiac and 
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splancTinique nerves of a living or recently-killed animal increases 
or arouses the proper motion of the heart and intestines ; but what 
is very remarkable, the phenomenon due to the passage of the cur- 
rent, instead of commencing at the very instant the circuit is closed, 
only begins* after a certain time, and continues for sdhie tiqie after 
the current has ceased. It must not be forgotten that all other 
stimulating agents, viz., alkalies, mechanical irritation, heat, applied 
to the ganglion nerves act in the same manner as the electrical cur- 
rent. The direction of the current is of no consequence in these 
experiments. 

The Differences hetiveen the Action of the Electric Current and that 
of other Stimulants. 

(628) It is known that heat, alkalies, or mechanical irritation 
applied to the motor or sensitive nerves of a living animal occasions 
at the same time sensation and contractions in the inferior muscles, 
the excitation of the nerve is then transmitted at the same time to 
the centre and to the extremities. When, by the continued applica- 
tion of these stimulants, the excitation of the nerve is prolonged, the 
effects grow weaker, or disappear altogether according to the duration 
or the intensity of their action. 

(629) The electrical current produces the same effects, which, 
however, very shortly, cease; and an animal may have its nerves 
traversed by a current for a veiy long time without exhibiting* the 
least signs; but the moment the current ceases, the phenomena 
reappear. In proportion as the vitality of the animal becomes 
weakened, and as the current continues to pass, the resulting pheno- 
mena cease to exhibit any analogy to those produced by other stimu- 
lants. We have seen that the action of the current differs according 
to its direction relatively to the ramification of the nerves. Thus the 
animal experiences a sensation when the inverse current commences, 
and a contraction when it ceases, and the contrary for the direct 
current. It is also known that whatever the stimulant applied to a 
nerve, it only excites contractions in those muscles through which its 
branches ramify. 

(630) The electrical current, as •we have seen, produces in some 
cases contractions in the superior muscles, and thus exercises an 
action that may be called retrograde. It has been proved that these 
phenomena depend on a reflex action through the spinal chord, 
which only becomes manifest with other stimulants wBen the animal 
is placed in particular and abnormal conditions. 

A difference even more remarkable than that above cited between 
the action of stimulants, heat, mechanical and chemical irritations, 
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&c., and tliat of Electricity, consists in the power possessed by the 
current of preserving for a longer time than other stimulants, the 
excitability of the nerve, and, indeed, of re-establishing in certain 
cases the excitability it has lost. 

(631) The electrical current may traverse for a long time the nerves 
of a living or a recently-killed animal, without destroying in these 
nerves the excitability brought into play by a current sent in a con- 
trary direction, and when the nerve, by the prolonged action of the 
current, has lost this faculty, it may again be restored by the passage 
of a contrary current. 

In whatever manner stimulants may be applied to a nerve, its 
excitation never fails, and contractions and sensations always follow. 
The only difference is one of degree, depending on the inte^pity of 
the action of the stimulant, and the extent of the nerve submitted to 
it. 

^632) The principal differences indicated by experiment between 
the action which is excited on the nerves by the electric current, and 
that excited by other stimulants, may be summed up thus: — 

1®. The electrical current, according to the direction in which it 
traverses a nerve, has alone the power of exciting separately, some- 
times contractions, sometimes sensations. 

2®. The electrical current alone, whilst traversing a nerve trans- 
versely, produces none of the phenomena due to the excitability of 
the nerve. 

3°. The electrical current aj^ne produces no effect when its passage 
through a nerve is continued, 

4®. The electrical current alone occasions the continuation of the 
excitation of a nerve, after its action upon it has ceased. 

5®. The electrical current alone possesses the power of re-esta- 
blishing the excitability ofa nerve when it is transmitted in a direction 
contrary to that of the current which*had destroyed or weakened this 
excitability. 

6®. The electrical current is of all stimulants that which pos- 
sesses for the longest time the property of arousing the excita- 
bility of a nerve, however weak it may be compared with other 
stimulants. 

The Relation between the Electric Current and the unTcnown force of 

the Nervous System : hypothetical views of the nature of this 

force, 

(633) From the conclusions deduced in the last section, it appears 
that the mode of action of the electric current on the nerves, more 
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simple than that of other stimulants, is at the same time, in some mea^ 
sure, analogous to the unknown force which works in the nervous 
system. But cS-n we hence ^conclude that this unknown force is none 
other than the electric current P We must be very careful in draw- 
ing tills conclusion, which unfortunately has been so often readily 
embraced. 

Is there an electrical current in the nerves of a living animal ? 
and can it be applied to the explanation of the functions of the 
nervous system ? 

(634) , The muscular electric current is a phenomenon which has 
been proved to derive its origin from chemical actions constituting 
the nutrition of the muscle. It has also been seen that this current, 
altogetj^er analogous to that which is produced during the combina- 
tion of two bodies, only exists between the molecules, and never cir- 
culates in these bodies but in particular cases, which have been 
realized in the muscles of living or recently-killed animals. *^0 
nerves have not a direct influence on the existence of this current, 
and they play no other part than that of a bad conductor, which com- 
municates with certain parts of the muscle. 

(635) Matteucci has sought unsuccessfully for an electrical cui*- 
rent in the nerves of a living animal. He introduced steel needles 
into the muscles of living frogs, rabbits, and dogs, in various direc- 
tions relatively to the muscular fibre, and connected them with the 
terminal plates of his delicate galvanometer, but could obtain no indi- 
cations of an electrical cuiTent, nor was he more successful with tlie 
galvanoscopic frog ; he subsequently tried the experiment on the 
sciatic nerve of a living horse, but without obtaining any trace of an 
electric cuiTent. Indeed, from what is kno^ of the properties and 
laws of propagation of electricity, it seems impossible to conceive the 
existence of an electrical current included in the nerves ; in order to 
admit it, such a disposition in the -structure of the nervous systcun as 
would suffice to form a closed circuit must be proved, but this anato- 
mists have not yet done. Matteucci made the following experiment, 
in order to ascertain, in an indirect manner, w hether the nervous sys- 
tem might readily form a closed circuit for the electric current. He 
laid bare, in two difierent points of its length, as far from each other 
as possible, the sciatic nerve of a living animal ; viz. above the thigh 
to the extremity of the leg. He introduced the limb into a spiral in 
connection with a smaller spiral containing an iron wire ; he then 
touched the points of the Uncovered nerve with the extremities of a 
pile, in order to send a current through it, but no satisfactoiy indi- 
cation of an induced current could be obtained* 
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(636) The electric current, then, does not exist in the nerves of a 
living animal : the laws of its propagation require conditions which 
are not found in the nervous system, and it is certain, that the 
nervous force, whatever it may be, is not Electricity, "What gelation, 
then, is there between these two forces? Matteucci’s laborious 
electro-physiological inquiries lead him to the following conclusions : 
There exists between the electrical current and the unknow n force of 
the nervous system an analogy, which, if it be not susceptible of 
the same degree of evidence is, however, of the same •kind, as that 
existing between heat, light, and electricity. In all the phenomena 
of electric fishes, the faculty of producing electricity, with which 
they are endowed, is under the direct dependence of the nervous 
system; and there is in these animals a structure, a certain disposi- 
tion of particular parts of their organism, w^hich, by the agency of the 
unknown force of the nervous system, enables them to disengage 
electricity. * The parallelism which has been clearly showni to 
exist between muscular contraction and the electric discharge of 
fishes, proves distinctly that the two functions depend immediately 
on those of the nervous system. 

(637) The development of Electricity by a crystal of tourmaline 
w'hen heated, clearly proves the relation between heat and Elec- 
tricity : a similar relation between the nervous force and Electricity 
is demonstrated by electric fishes. Electricity is not, however, the 
nerv'ous forde, any more than heat is Electricity ; the one changes 
into the other in the one case, by the form of the integrant molecules 
of the crystal ; and in the other, by the structure of the electric 
organs. In physics we are daily advancing towards a simplification 
of our hypotheses, or more exactly, towards a single hypothesis 
serving to explain all the phenomena of heat, light, and Electricity, 
‘* What hypothesis, indeed,’* says Matteucci, “ is more worthy of the 
rank to W'hich it is sought to be elevated, than that of a body which 
is capable of a variety of different movements, susceptible of trans- 
formation from one into the other, and so representing phenomena 
very ditferent from each other ?” The most essential characters of 
this body, such as the immense rapidity in the propagation of its 
motions, the transformation of one motion into another, &c., belong 
to the unknown force of the nervous system, as to Electricity, light, 
and heat. The relation between two of these movements of ether^ 
motions which we have been accustomed to call imponderables^ 
becomes much more intimate when not only one of these bodies can 
be transformed into another, but %hen each in its turn can be trans- 
formed into the first. 

(638) Have we this reciprocity between the imknown force of the 
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nervous system and the electrical current ? In a word, is the elec- 
trical current transformed into the unknown force of the nervous 
system ? 

We know, by experiment, that a nerve traversed by an electric 
current, in tlie direction of its length, is excited in such a manner as 
to produce either contraction or sensation. . It is necessary for this 
purpose that the nerve be traversed in the direction of its length ; 
that it shall not have been long separated from tlie central parts of 
the nervous sj'^stem, and that it be not submitted for too long a time 
to the passage of the current, or to the action of other stimulants. 

(639) Heat, mechanical or chemical action, may, like the electric 

current, arouse the excitability of a nerve, and thus produce con- 
traction and sensation. Are we hence to conclude that these 
chemical, mechanical, and calorific actions are transformed into an 
electric current, which alone has the power of exciting a nerve ? We 
should be by no means warranted in drawing such a conclusion, and 
as it has been proved that the unknown power of the nervous system 
is not Electricity, so we have no reason to believe that stimulants — 
viz., heat, chemical or mechanical action, act by producing an elec- 
trical current when applied to a nerve. • 

(640) We may conclude, then, with Muller, that the electrical 
current, which under certain conditions traverses a nerve, determines 
in it a change similar to that produced by the unknown force of the 
nervous system, when it is there excited by external actions, or by 
the action of the will. 

It seems, however, natural and just to suppose that this change 
eflfccted in the disposition of the elementary organs of a nerve, 
whether by the act of the will, or by the electric current, or other 
stimulants, is accompanied in every case by a species of current of 
the unknown force of the nervous system. This force Matteucci 
denominates JEiher, in order to explain by one hypothesis all the 
phenomena of imponderables, and the' analogy of the nervous force 
with these other forces. 

(^41) All philosophers agree in the imposibility of cxplafhing the 
immense rapidity of the propagation of light, of radiant heat, of 
Electricity, without having recourse to vibratory motion. The 
unknown force of the nervous system is not less rapidly propagated. 
Ether distributed through all points of the nervous system, as through 
the whole universe, takes the character of the nervous force, through 
the modifications introduced in the relative disposition of the mole- 
cules by the organization of the ifervoug substance. The different 
structure of the nervous fibres, and especially that of their origin and 
extremities, such as the microscope is now luafolding, may serve to 
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explain why the molecular change of the nerve which constitutes its 
excitable state, is less rapid in the ganglionic system than in the 
other nerves, and why in certain nerves, the excitability is propagated 
only in a certain direction. 

The nervous fluid in this hypothesis is what we suppose heat, elec- 
tricity, and light to he, viz., a peculiar vibratory motion of ether. 

(642) To sum up in a few words these hypothetical views ; There 
is in all parts of the nervous system, as in all bodies in the universe, 
a diffused ether, which in this system may have a particular arrange- 
ment, as it is admitted to have in certain crystalline bodies. When 
the organic molecules of the nerves arc from any cause deranged, the 
ether, or more properly the nervous fluid, is put into a certain motion, 
which reaching the brain produces sensation, and arriving at the 
muscles determines contraction. This derangement may be produced 
by the electric current, by heat, by chemical and mechanical action, 
as it is naturally by the will ; the propagation of the motion will be 
materially interfered with by any alteration whatever in tlie structure 
of the nerve. 

• (648) Matteucci concludes by offering the following explanation of 
the action of the electric current on the nerves*. — 

Let it be admitted tliat the electrical current, which traverses a 
nerve in the direction of its length, determines a derangement in the 
direction of this current, as the experiments of Porrett and Becquerel 
have proved; let it be admitted that this derangement is accompanied 
by vibratory movements of the nervous fluid, which are propagated 
to the extremity of the nerve parallel to the direction of the organic 
derangement. This current of the nervous fluid produces sensation 
if directed from the extremities towards the brain, and contraction if 
directed from the brain towards the extremiti^. From this it follows 
that an electric current traversing a nerve normally can produce no 
phenomenon. The direct current produces contraction when it enters, 
and sensation when it ceases. The inverse current, on the other hand, 
produces sensation when it enters, and contraction when it ceases. 
The phenomena observed during tlie first ‘period of the vitality of the 
nerve show that when the organic disposition of ther nerve is perfect, 
its molecules are deranged in every direction by the application of 
any kind of stimulant, but always more so in the direction of the 
electric current than in the opposite direction. In proportion as the 
structure proper of the nerve ceases to be . perfect, the phenomena 
produced by the current are those which take place in the direction 
in which this force acts with most intensity. Other stimulants produce 
in the structure of the nerve a derangement of a more permanent 
nature, and which, unlike that produced by the electric current, does 
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not cease till tlie exciting cause is removed. An electrical current 
whicli traverses a nerve for a certain time, finishes by permanently 
deranging its molecules, hence the reason why the prolonged action 
of the same current ceases after a time to produce its peculiar action 
on a nerve. A current in the contrary direction will bring back the 
molecules of the nerve into their former condition, and restore to 
them their capability of being excited by a current in the same direc- 
tion as the first. The passage of an electrical current through a 
nerve in a ddfierent direction, the successive interruption of this 
curreM, and its greater intensity, are the causes most likely to pro- 
duce a permanent derangement in the structure of a nerve. 

Du Bois Iteymond's c^fperiment of producing an electric current hy 
muscular contraction. 

(644) If it be granted that the muscular current is developed in 
the muscle itself, which Du Bois Beymond’s researches have abun- 
dantly proved, it can scarce!}' be doubted that it is in a state of circu- 
lation during the life of the animat. It has been seen (598) that on 
connecting the transverse and longitudinal section a current appears ; 
but such a’ connection exists naturally in tjie body, and hence the 
inference is a fair one that such currents are perpetually present, and 
that the current which we perceive in the galvanometer is, in fact, 
but one of the branches of this pre-existing current. A live frog 
was disposed with its two legs dipping into two vessels filled vntli 
salt and water, and connected with either extremity of the galvano- 
meter. Now, it was long ago shown by Nobili, that a current 
exists in the frog directed front the foot., upwards ; but in the 
case before us, we have two such currents, one at each foot, which 
meet at the junction of the limbs, annul each other, and consequently 
produce no effect on the galvanometer. But suppose one of these 
currents to be enfeebled, while the other retains its full strength, the 
result will be that the excess of the latter current should produce a 
defiection. Du Bois Eeymond accordingly severed the ischiotic 
nerve of one of the frog’s legs, and thus deprived the limb of aU 
power of motion ; he then poisoned it w'ith strychnia ; strong convul- 
sions followed, the uninjured limb contracted violently, its muscular 
current was thereby diminished, and the current of the other limb was 
immediately exhibited by the galvanometer. 

(645) Du Bois Eeymond immediately tried the experiment on 
himself. He placed the first finger of his right hand in one vessel, 
and the corresponding finger of his left hand in the other; but 
instead of cutting his nerves, as in the case of the frog, he suffered 
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the left arm to remain at rest, jmd contracting the other forcibly, 
produced a deflection of the needle ; when the left arm was contracted 
and the right one suffered to remain at rest, the needle was deflected 
in the opposite direction. The current always proceeded from the 
hand of the contracted arm to the shoulder : but remembering the fact 
that it is the excess of the current of the motionless arm which is 
here observed, we are led to the inference, that in the normal state 
of the arm the direction of the curreijt is from the shoulder to the 
hand. 

(64G) The publication of thi^ result created a considerable sensa- 
tion ; it was received by many with doubt and misgiving. Some 
eminent men undertook to repeat the experiment : their results were 
negative, and for a time the opinion was predominant that Du Bois 
Beymond was in error, and that M. •Humboldt, who took a conspi- 
cuous part in the affirmative side of the question, had suffered himself 
to be misled. But if the conditions of the experiment be rigidly 
fulfilled, the experiment will always succeed.* 

(G47) Electric fishes : — There are some remarkablc'instances of the 
generation of Electricity in living animals, to whom tile power seems 
principally to be given as a means of defence^ Of these animals the 
Eaia Torpedo appears to have been noticed at a very early period, 
since we find a description of its properties in the writings of Pliny, 
Appian, and others. It inhabits the Mediterranean and North Seas; 
its weight when full grown is about eighteen or twenty pounds. 

It is frequently met with also upon the Atlantic coast of France, 
as well as along our southern shores, especially in Torbay, where it 
attains a great size. It is taken by the U^aicl in company with its 
cogenitors, the rays. At Malta it is known by the name of ELaddayla., 
a term wliich has reference to its benumbing power : in France it is 
called La Trcmhle^ and with us it has various designations, as the 
cramp or numb fish, and the Electric Kay. Dr. Davy has recently 
reduced the four previous recognised species of torpedo into two 
species, viz. ; the torpedo diversicolor, and the torpedo ociilata, a 
term having reference to certain markings on the back which have 
been likened to eyes. 

(G48) The generic characters of the torpedo (Henry Letheby) are: 
The disc of the body is nearly circular ; the pectoral fins large ; 
the two dorsal fins are placed so far back as to be on the tail ; the 
surface of the body is smooth ; the tail short and rather thick, and 
the mouth armed with small sharp teeth. 

* It was several times repeated by Br. Du Bois Reymond d\iring bis lectures 
on Electrophysiology, delivered at the Royal Institution in the spring of 1855. 
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It is an ovo-viviparous animal, tlie young being matured in their de- 
scent along the oviduct, where they are retained for several months ; 
and during this detention, the yolk bag disappears and the fish are 
perfected; the electrical organs also become gradually developed^ 
Dr. Davy thinks these are formed from matters which are absorbed 
by the bronchial filaments ; an opinion which he deduces from the" 
fact of these not attaining such great size and length in other rays, 
while they also drop off when.the organs are complete. 

(649) When touched the torpedo communicates a benumbing sensa- 
tion, and by repeated contacts gives a^series of electric shocks. In the 
Philosophical Transactions, 1773 and 1775, there are accounts of some 
experiments of Mr. AValsh on this animal. He placed a living torpedo 
on a wet napkin, and formed a communication through five persons, all 
of whom were insulated. The person at one extremity touched some 
water in which a wire, proceeding from the wet napkin, terminated ; 
the last person in the series having a similar mode of communication 
with a wire, which at intervals could be brought into contact with 
the back of the animal. In this manner shocks w^ere com- 
municated to the five, and aftei^isards to eight persons. Mr. Walsli 
could not succeed in afiecting the electroscope, or in obtaining a spark 
by this electricity. But he observed that every time tlie animal gave a 
shock, which was not generally perceptible beyond the finger with which 
it was touched, a contortion of the body follow cd, as if the animal w ere 
anxious to make its escape ; its eyes were also depressed, so that ho 
could tell by observing the eyes, when the animal attempted to make 
a discharge, even upom non-conducting bodies. Mr. Cavendish con- 
structed an artificial torpedo of wood, connected w ith glass tubes and 
wires, and covered with a piece of sheep-skin leather. To render the 
efiect of this instrument more like that of the animal, with regard to 
the difference of the shock in and out of the w ater, it was necessary 
to substitute thick leather in the place of the wood ; and writh this 
improvement the apparatus succeeded admirably. In air the sensa- 
tion of the shock w^as experienced at the elbows ; but under water it 
was confined chiefly to the hands. On touching this artificial torpedo 
under water, a shock was obtained as pow^erful as if it had been 
touched by both hands. Being touched under water wdth two 
metallic spoons, it gave no shock ; but in air, the shock was very 
strong. Cavendish also made an estimate between the strength of 
his artificial torpedo and that dissected by Hunter, with reference to 
surface. His own battery consisted of seventy-six feet of coated 
surface, and he calculated that the animal retained a charge fourteen 
times as great as that of the battery, or was equivalent to one thou- 
sand and sixty-four feet of coated glass. 
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(650) In tlie Philosophical Transactions for 1773, there is a detail 
of the anatomical structure of this curious fish, from the pen of the 
celebrated Hunter.* 

“ The nerves,** he says, “ inserted into each electric organ, arise by 
three large trunks from the latter and posterior parts of the brain. 
The first of these, in its passage outwards, turns round a cartilage of 
the cranium, and sends ^ few branches to the first gill, and to the 
anterior part of the head, and then passes into the organ at its ante- 
rior extremity. The second trunk enters the gills between the first 
and second openings, and furnishes it with small branches, passing 
into the organ near the middle. The third trunk, after leaving the 
skull, divides into two branches, which pass to the electric organ 
through the gills, one between the second and third openings, the 
other between the third and fourth, giving small branches to the gill 
itself. These nerves having entered the organs, ramify in every 
direction between the columns, and send in small branches on each 
partition, where they are lost. 

“ The magnitude and number of the nerves bestowed on these 
organs, in proportion* to their size, must, on reflection, appear as 
extraordinary as the phenomena they aflbrd. Nerves are given to 
parts either for sensation or for action. Now, if we except the more 
important senses of seeing, hearing, smelling, and tasting, which do 
not belong to the electric organs, there is no part, even of the most 
perfect animal, W' hich, in proportion to its size, is so liberally supplied 
with nerves, nor do Ihe nerves seem necessary for any sensation 
which can be supposed to belong to the electric organs. And with 
respect to action, there is no part of any animal with which I am 
acquainted, however strong and constant its natural actions* may be, 
which has so gr^at a proportion of nerves. If, then, it be probable 
that these nerves are not necessary for purposes of sensation or 
action, may we not conclude that they are subservient to the forma- 
tion, collection, or management of the electric fluid ? especially as it 
appears evident, from Mr. Walsh*s experiments, that the will of the 
animal does absolutely control the electric powers of the body, which 
must depend upon the energy of the nerves.** 

Pig. 229t represents a female torpedo, the skin B. having been 
flayed from the under surface of the fish to show the electric organs 
A. The nostrils in the form of a crescent are shown at e, and the 
mouth, having also a crescent form opposite the nostrils, at d; the 
mouth is furnished with several rows of small hooked teeth. The 

* For a detailed account of the anatomy of this fish, see also Proceedings of 
the Electrical Society, p. 512. 

t Encyclopedia Britannica, art. Electricity. 
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bronchial apertures are shown at 
E, five being on each side. E is 
the place of the heart \ g g g the 
place of the anterior transverse 
cartilages ; h h the exterior margin 
of the great lateral fin ; i its inner 
margin lOn the confines of the 
electrical organ ; I the abdomen ; 
m m the place of the posterior 
transverse cartilages which is 
single, united with the spine, and 
sustains the smaller la4;eral fins 
nn on each side ; o is the anus, 
and p the fin of the tail. Each 
organ is about five inches long 
and about three inches broad at the anterior end, and half an inch at 
the posterior extremity. Each organ consists wholly of perpen- 
dicular columns reaching from the upper to the under surface of the 
body, ancKvarying in their lengths according to the thickness of the 
parts of the body where they aro placed. The longest column 
is. about inches, the shortest about a jth of an inch, and their 
diameter about - 1 *^ 0 ths of an inch. The figures of the columns are 
irregular hexagons or pentagons, and sometimes have the appearance 
of being quadrangular or cylindrical. The number of columns in 
the fish examined by John Hunter was 470 in each organ ; but in a 
very large fish, 4J feet long and weighing 73 pounds, the number was 
1,182 in each organ. The number of partitions in a column one 
inch long was 150. 

(651) A great number of experiments on the electricity of the 
torpedo were made by MM. Gay Lussac and Humboldt. The fish 
were taken in the Gulf of Naples. Though their power cannot be 
compared with that of the gymnotus, a person accustomed to electric 
shocks can with difficulty hold in his hands a torpedo of twelve or 
fourteen inches, in possession of all its ’vugour. The shock is most 
powerful when the animal is raised above the surface of the water* 
It moves its pectoral fins convulsively every time it emits a stroke, 
whereas the gymnotus gives its strongest shocks without making any 
movement. A shock is not necessarily felt on touching the fish ; it 
must be irritated, thus proving the action to depend on the will of 
the animal ; but it can give a long series of shocks w ith great rapidity, 
and the stroke is felt on touching it with a single finger. M. Gay 
Lussac noticed this remarkable difference between the torpedo and 
the gymnotus, that, whereas, the latter could give its shocks through 


Fig. 229. 





THE ELECTETC PHENOMENA OF THE TOBPEDO. 


467 


an iron rod several feet long, the former may be touched with impu- 
nity with any conducting substance ; direct contact with the electrical 
• organ of the fish is indispensably necessary for the reception of a shock. 

(652) When the torpedo is placed on a metallic plate, of very 
little thickness, so that the plate touches the inferior surface of the 
organs, the hand that supports the plate never feels any shock, 
though another insulated person may excite the animal, and the con- 
vulsive movement of the pectoral fins may denote the strongest and 
most reiterated discharges. If, on the contrary, a person support 
the torpedo placed upon a metallic plate with the left hand as in the 
foregoing experiment, and the same person touch the superior surface 
of the electrical organ with the right hand, a strong shock is then 
felt in both arms. The sensation is the same when the fish is. 
placed between two metallic plates the edges of which do not 
touch, and the person applies both hands at once to these plates. 
The interposition of one metallic plate prevents the communication 
if that plate be touched with one hand only, while the interposition 
of two metallic plates does not prevent the shock when both hands 
are applied. In the latter case, it cannot be doubted that the circu- 
lation of the fluid is established by the two arms. M M. Gay Lussac 
and Humboldt carried the torpedo with impunity between two plates 
of metal, and felt the strokes it gave, only at the instant when they 
ceased to touch each other at the edges. 

(053) The electric phenomena of the torpedo have been minutely 
studied by Matteucci. {Traite des Phenomenes Electro- Physiologiques 
des Animaux*) The following is a brief resume of his conclusions : 
He alludes to the extraordinary diftusion of the electric discharge of 
the torpedo in a liquid. A tub, five feet across, was filled with salt 
water, and a torpedo held in the hand close to one side, a prepared 
frog being suspended at the other extremity. Every time the fish 
discharged, the frog contracted violently ; an eftect wliich could not 
bo produced by a pile of very great force, especially if it be con- 
sidered that a great portion of the current circulates through the 
hand, and that another large portion must circulate by the surface 
itself of the animal. 

Movements, sometimes scarcely sensible, are perceived in the body 
of the torpedo when it gives an electric discharge ; and sometimes 
these movements are very considerable. By the following experi- 
ment, however, it was proved that the fish can discharge without any 
change in the volume of its body taking place : A moderate-sized 
female torpedo (5^ in.) was introduced into a jar of salt water, a 
prepared frog being laid upon its body. The jar was accurately 
closed, and a glass tube of small diameter was fixed into the top. 

H H 2 
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After having well luted the mouth, the glass was filled with water 
till the fluid rose in the tube to a certain height. The torpedo from 
time to time gave electric discharges, and the frog contracted, but 
the level of the water in the tube remained unaltered. 

(654) The torpedo has not the power of directing its discharge 
through any particular object. When the fish is very lively, and its 
discharges’ strong, shocks are felt wherever the fish is touched ; but 
when it has, become weak, the shocks are not felt over the whole 
body, but only in the neighbourhood of the electric organs. 

By means of his galvanometer, Matteucci deduced the following 
general laws relating to the distribution of Electricity in the body of 
the torpedo : — 

1®. All the dorsal parts of the organ are positive to all the ventral 
parts. 

2®. Those points of the organ on the dorsal face which are above 
the nerves w Inch penetrate this organ, are positive, relatively to other 
points of the same dorsal face. 

3°. Those points of the organ on the ventral face, which correspond 
to those which are positive on the dorsal face, are negative, relatively 
to other points of the same ventral face. 

(655) By passing the discharge from the torpedo tlirough a spiral 
of copper wire enclosing a steel needle, the needle was magnetized 
in such a manner as to show the direction of the current to be from 
the back to the under part of the belly. To measure the intensity 
of the discharge, Linari employed the electro-mngnetic balance of 
Becquerel, and on comparing with this instrument the discharge of a 
moderate-sized torpedo with that of a battery of nine jars, exposing 
a coated surface ol ninety-four square inches, the former was found 
to be much more intense than the latter. 

The same philosopher obtained marked heating effects, by passing 
the discharge of the fish along a thermo-electric couple. 

Electro-chemical decomposition had been efiected by Dr. John 
Davy. Matteucci repeated his experiments with success, and, by 
employing an apparatus something similar to that used by Mr. 
Gassiot, in his experiments on the gymnotus at the Adelaide 
Galleiy, he succeeded in obtaining brilliant sparks. 

The Carnes which influence the Electric Discharge of the Torpedo. 

(656) Among external causes may be mentioned the mass and 
temperature of the water, and the degree of irritation to which the 
animal is exposed. The activity of the electric function is propor- 
tional to the circulation and respiration of the animal. Matteucci 
found that a torpedo that was giving discharges, consumed more 
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oxygen than another that was quiet ; and on introducing a small and 
very feeble fish, that could scarcely give any sensible shocks, under 
a receiver filled with oxygen gas, it became agitated, and gave five or 
six strong discharges before it died. When the electric organ of the 
torpedo is destroyed, either by the action of mineral acids, or by 
boiling water, the fish loses its power of giving discharges, but, 
before its power fails, it gives several strong shocks. If one of the 
electric organs be rapidly separated from the living fish, the dis- 
charge may be obtained by irritating the nerves, which proves that 
the integrity of the circulation of the blood in the organ is not 
necessary for the production of the electric power. 

(657) In order to destroy entirely the power of the fish to give 
discharges, it is necessary to cut all four of the nerves leading to the 
electric organ ; when one or more nerves are cut, the discharge is 
confined to those parts of the organ among which the uncut nerves 
ramify. The discharge may also be prevented by tying the nerves ; 
but even where the nerves are cut, discharges may be obtained by 
irritating them, unless the nervous trunks have previously been acted 
on by caustic potash. Of the four lobes of the brain, the fourth 
only is found to actuate the electric current ; it is hence called the 
electric lobe. Strong discharges and muscular contractions ensue on 
touching it ; if it be destroyed, all electric power is lost to the animal, 
although the rest of the brain remains untouched. 

(658) The action of electric currents on the nerves of the electric 
organs may be thus stated : — 

1°. That in the first period after death, during which the vitality 
of the nerves is still very great, the electric current, direct or inverse, 
invariably produces the discharge, both at its commencement and at 
its interruption. 

2°. In the following period of vitality, the discharge is only pro- 
duced by the commencement of the direct current, and by the inter- 
ruption of the inverse. 

(659) The following are the general conclufions drawn by 
Matteucci from the results of his researches on the torpedo : — 

1°. The electric discharge of the torpeio, and the direction of this 
discharge, depends on the will of the animal, which, for this function, 
has its seat in the brain. 

2°. The Electricity is developed by the organ of the torpedo, com- 
monly called the electric organ, under the influence of the will. 

3®. Every external action which is directed on the body of the 
living torpedo, and which determines the discharge, is transmitted 
by the nerves of the irritated point to the electric lobe of the brain. 

4®. Every irritation directed on the fourth lobe, or its nerves, pro- 
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duces no other phenomenon than the electric discharge. This lobe 
and its nerves may therefore be called electric lohes and nervee, as we 
Say, nerves of sensation^ nerves of motion, nerves of organic life. 

6®. The electric current which acts on the lobe or its electric 
nerves, produces only the discharge of the organ, and this action of 
the currrent remains longer than that of all other stimulants. • 

(660) The gymnotus is another fish possessed of electrical pro- 
perties ; it is a native of the warmer regions of America and Africa, 
inhabiting large rivers, especially those of Surinam. In Africa it 
chiefly occurs in the branches of the Senegal. It is so named from 
the absence of the dorsal fin. There are several species, all inhabit- 
ing fresh-water lakes and rivers ; but one species alone is electrical. 
In general aspect it very much resembles an eel, — the body is smooth, 
without scales (a peculiarity of all electrical fishes), a long ventral 
fin extends from just behind the head to the very extremity of the 
tail ; around the mouth are many papillae lodged in crypts, which are 
merely mucous glands. The mouth is armed with sharp teeth, and 
projecting into it are numerous fringes, which, from their vascularity, 
doubtless serve a purpose in respiration. The oesophagus is short, 
terminating in a capacious stomach with thick rugose parictes. The 
rest of the alimentary canal is short, doubled on itself, and terminates 
in the cloaca, which is situated in the mesial line, a few inches from 
the under jaw. The whole cavity of the abdomen is not more than 
seven inches long, and contained, in the female specimen examined 
by Dr. Letheby, besides the alimentary canal, ovaries filled with ova 
of a bright orange colour, the heart, the liver, and upper part of the 
air bladder. The rest of the animal is made up of the electrical 
organs and muscles of progression, together with an air sac, which 
runs beneath the spine the whole length of its body. The Gymnotus 
was first described by Eicher, in 1677, and its anatomical structure 
by Mr. Hunter, in the 63rd and 65th volumes of the Philosophical 
Transactions. The electric organs consist of alternations of diflerent 
substances, and%re most abundantly supplied by nerves ; their too 
frequent use is succeeded by debility and deatli. That these organs 
are not essential to the animals, is proved by their thriving after they 
have been removed. 

Pig. 230 represents a copy of Hunter’s engraving of the gymnotus, 
in which the skin is removed to show the structure : a represents 
the lower srirface of the head ; c the cavity of the belly ; h t^ anus ; 
e the back, where the skin remains ; g g the fin along the lower edge 
of the fish ; e e the lateral muscles of this fin, removed and laid back 
with the skin to expose the small organs ; I part of the muscle left 
in its place ; //the large electrical organ ; h hh the small electrical 
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Fig. 230. 



organs \ m mm the substance which separates the two organs ; and 
n the place where the substance is removed. These organs occupy 
nearly one-half of the part of the flesh in which they are placed, and 
form more than one-third of the whole fish. There are two pairs, of 
electrical organs of different sizes, and placed on different sides ; the 
large oiie,yj occupies the whole of the lower and lateral part of the 
fish constituting the thickness of its fore-part, and extending fii'om 
the abdomen to near one end of the tail, where it terminates nearly 
in a point. The two organs are separated at the upper part by the 
muscles of the back, at the lower part by the mid^^e partition, and 
by the air-bag at the middle part. The lesser organ stretches along 
the lower edge of the fish, and nearly as far as the other, terminating 
almost insensibly hear the end of the tail. The two small organs 
are separated from each other by the middle muscle and by the bones 
in wliich the fins are articulated. The large organ may be seen by 
merely removing the skin, which adheres to it by a loose cellular 
membrane ; but in order to see the small organ, the long row of small 
muscles which move the fin must be removed. The electrical organs 
consist of two parts, viz., flat partitions or septa, and thin plates or 
membranes intersecting them transversely. The septa are thin 
parallel membranes, stretching in the direction of the fish’s length, 
and as broad as the semi-diameter of the animal’s body. The septa 
vary in length, some of them being as long as the whole body. In 
a fish two feet four inches long, the distance of the septa was nearly 
half an inch ; and in the broadest part of the organ, which was one 
and a quarter inch, there were thirty-four septs. In the small organs 
the septa have a somewhat serpentine direction. They are only the 
fiftieth of an inch distant, and there are fourteen septa in the breadth 
of the organ, which is half an inch. The very thin plates which 
intersect the septa have their breadth equal to the distance between 
any two septa. ' There is a regular series of these plates from one 
end of any two septa to the other end, 240 of them occupying a 
single inch.* 

* The anatomical structure of the gymnotus has more recently been studied 
by Dr. Letheby, See his paper in the Proceedings of the London Electrical 
Society, p. 367. 
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(661) The gymnoti abound in the large rivers of South America, 
the Orinoco, the Amazon, and the Meta ; but the force of the cur- 
rents and the depth of the water prevent them from being caught 
by the Indians. They see these fish less frequently than they feel 
shocks from them when swimming or bathing in the river. In the 
Llanos, particularly in the environs of Calabozo, between the farms 
of Morichal and the Upper and Lower Missions, the basins of stagnant 
water and the confluents* of the Orinoco (the !Rio Guarico and the 
Canos Eastro,«Berito, and Paloma), are filled with electric eels. 

(662) The following graphic account of the capture of this fish is 
taken from Humboldt’s Travels to the Equinoctial Eegions of 
America (Bohn’s edition^ vol. ii. p. 114)'; “Wowdshed at first to 
make our experiments in the house "we inhabited at Calabozo ; but 
the dread of the shocks caused by the gymnoti is so great and so 
exaggerated among the common people, that during three days we 
could not obtain one, though they are easily caught, and we had pro- 
mised the Indiai^ two piastres for every strong and vigorous fish. 
This fear of the Indians is the more extraordinary as they do not 
attempt to adopt precautions in which they profess to have great 
confidence. "When interrogated on the eftect of the tremhladores, 
they* never fail to toll the Whites that they may be touched >vith 
impunity while you are chewing tobacco. This supposed influence 
of tobacco on animal electricity is as general on the continent of 
South America as the belief among mariners of the efiect of garlic 
and cotton on the magnetic needle. 

“ Impatient of waiting, and having obtained very uncertain results 
from an electric eel which had been brought to us alive, but much 
enfeebled, we repaired to the Cano de Bera, to make our experiments 
in the open air and at the edge of the water. To catch the gymnoti 
wnth nets is very difficult, on account of the extreme agility of the 
fish, which bury themselves in the mud. The Indians, therefore, told 
us that they would fish w ith horses. We found it difficult to form 
an idea of this extraordinary manner of fishing, but we soon saw’ our 
guides return from the savannah, which they had been scouring for 
wild horses and mules. They brought about thirty writh them, which 
they forced to enter the pool. 

“ The extraordinary noise caused by the horses’ hoofs makes the 
fish issue from the mud, and excites them to the attack. These yel- 
lowish and livid eels, resembling large aquatic serpents, swim on the 
surface of the water, and crowd under the bellies of the horses and 
mules. A contest between animals of so different an organization 
presents a very striking spectacle. The Indians, provided with 
harpoons and long slender reeds, surround the pool closely j some 
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climb up the trees, the branches of which extend horizontally over the 
surface of the water. By their wild cries and the length of their reeds, 
they prevent the horses from running away and reaching the bank of 
the pool. The eels, stunned by the noise, defend themselves by the 
repeated discharge of their electric batteries. For a long interval 
they seem likely to be victorious. Several horses sink beneath the 
violence of the invisible strokes which they receive from all sides in 
organs the most essential to life; and stunned by the force and 
frequency of the shocks, they disappear under the water. Others 
panting, with mane erect and haggard eyes expressing anguish and 
dismay, raise themselves and endeavour to flee from the storm by 
which they are overtaken. They are driven back by the Indians into 
the middle of the water, but a small number succeed in eluding the 
active vigilance of the fisherman. These regain the shore, stumbling 
at every step, and stretch themselves on the sand, exhausted with 
fatigue, and with limbs benumbed by the electric shocks of the 
gymnoti. 

In less than five minutes two of our horses are drowned. The 
eel being five feet long, and pressing itself against the belly of the 
horses, makes a discharge along the whole extent of its electric organ. 
It attacks at once the heart, the intestines, and the cscliac fold of the 
abdominal nen’es. It is natural that the effect felt by the horses 
should be more powerful than that produced upon man by the touch 
of the same fish at only one of his extremities. The horses are 
probably not killed, but only stunned. They are drowned from the 
impossibility of rising amid the prolonged struggle between the 
other horses and the cels. 

“We had little doubt that the fishing would terminate by killing 
successively all the animals engaged ; but by degrees the impetuosity 
of this unequal contest diminished, and the wounded Grymnoti dis- 
persed. They require a long rest and abundant nourishment to 
repair the galvanic force which they have lost. The mules and horses 
appear less frightened ; their manes are no longer bristled, and their 
eyes express less dread. The gymnoti approach timidly the edge of 
the marsh, where they are taken by means of small harpoons fastened 
to long cords. When the cords are very dry, the Indians feel no 
shock in raising the fish into the air. In a few minutes we had five 
large eels, most of which were but slightly wounded. Some others 
were taken, by the same means, towards evening.” 

(663) These eels measxired from five feet to five feet three inches 
in length. They were of a fine olive-green colour, the under part of* 
the head being yellow, mingled with red. Two rows of small yellow 
spots were placed symmetrically along the back from the head to the 
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ejad of the tail ; each spot contained an excretory aperture, in conse- 
quence of which the skin of the animal was constantly covered with 
a mucous matter, w^hich conducts Electricity twenty or thirty times 
better than pure water. The shock from a very large and strongly- 
irritated gyniuotus, Humboldt describes as being “more dreadful 
than that from a large Leyden jar.” By imprudently placing both of 
his feet on an cel just taken out of the water, he received a stroke 
which affected him during the rest of the day with a violent pain in 
the knees, and in almost every joint. The sensation caused by feeble 
shocks was analogous to that painful twitching produced by the con- 
tact of two heterogeneous metals with a wounded surface. 

(661) The electric action of the fish depends entirely on its will. 
It does not keep its electric organs always charged, and it can direct 
its action towards the point where it feels itself most strongly irri- 
tated. When two persons insulated, or otherwise, hold each other’s 
hands, find only one of these persons touches the fish with the hand, 
either naked or armed with metal, the shock is most commonly felt 
by both at once. Occasionally, how'ever, in the most severe shocks, 
the person who comes into immediate contact with the fish alone 
feels them. Humboldt could not obtain a spark from the body of 
the fish by irritating it for a long time during the night in perfect 
darkness. It had been stated by Schilling that the gymnotus ap- 
proaches the magnet involuntarily. Humboldt did not lind this to 
be the case, neither could he discover any phenomena of attraction 
or repulsion by employing the most delicate electrometer. 

(665) The gymnoti are held in dread and detestation by the 
natives. They furnish, indeed, when divested of their electric 
organs pretty good food, but they destroy other fish, and are gene- 
rally the sole inhabitants of the ponds and pools in which they are 
found. All the inhabitants of the waters dread their society ; they 
are avoided even by alligators and lizards ; tortoises and frogs speedily 
desert the pools in which they reside. It became necessary to chaugo 
the direction of a road near Uritficu, because the electric eels were’ 
so numerous in one river that every year they killed a great number 
of mules as they forded the river with their burdens. (Humboldt.) 

(666) A fine specimen of the gymnotus (Fig. 231 being a correct 



representation) was for some time in the possession of the proprietors 
of the Gallery of Practical Science in Adelaide Street. It w'as brought 


THE ELECTEIC PHEHOMEHA OE THE GTMHOTUS. 475 

to this country by Mr. Porter, and deposited in the Gallery in 
August, 1838, where it remained in a healthy and vigorous condition 
till March 14th, 1842, when it died from the effects of a rupture of a 
blood-vessel consequent upon expansion of the ovarium. 

The length of this fish was forty inches. At first it was fed with 
blood, which was nightly put into the water, which was changed for 
fresh water in the morning ; subsequently it was supplied with small 
fish, such as gudgeons, carp, and perch, one of which, on an average, 
it consumed daily. , 

(G67) It may not be uninteresting to give a brief account of some 
of the experiments made by Dr. Paraday with this fish, the results 
having afforded every proof of the identity of its power with common 
Electricity.* 

1st, Shock , — This was very powerful when one hand was placed on 
the body near the head, and the other near the tad. When the dry 
hands grasped metallic conductors in contact with the fish, scarcely 
any shock was felt ; but when the hands were wetted, smart shocks 
were experienced. 

2nd, Galvanometer . — A pair of collectors w ere thus constructed : a 
plate of copper, eight inches long by two inches and a half wide, was 
bent into a saddle shape, that it might pass over the fish, and enclose 
a certain extent of the back and sides, and a thick copper wire was 
brazed to it, to convey the electric force to the experimental appara- 
tus ; a jacket of sheet caoutchouc was put over the saddle, the edges 
projecting at the bottom and the ends ; the ends were made to con- 
verge so as to fit ill some degree the body of the fish, and the bottom 
edges were made to spring against any horizontal surface on which 
the saddles were placed. The part of the wire liable to be in the 
w’atcr w’as covered w ith caoutchouc. 

By causing the fish to send a powerful discharge through these 
coUeetj^s, a galvanometer of no great delicacy being included in the 
circuit, a deflection of the needle amounting to 30^^ was produced ; 
the deflection w as constantly in a given direction, the electric current 
being always from the anterior parts of the animal through the gal- 
vanometer wire to the posterior parts. The former were, therefore, 
for the time, externally positive, and the latter negative. 

(668) Making a Magnet , — WTien a little helix, containing twenty- 
twm feet of silked wire wound on a quill, was put into the circuit, 
and an annealed steel needle placed in the helix, the needle became 
a magnet, and the direction of its polarity in every case indicated a 
current from the anterior to the posterior parts of the gymnotus 
through the conductors used. 

* Experimental Researches, 16 th Series. 
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(669) Chemical Decomposition. — Polar decomposition of iodide of 
potassium was obtained by moistening three or four folds of paper in 
the solution, placing them between a platinum plate and the end of a 
platinum wire, connected respectively with the two saddle conductors. 
Whenever the wire was in conjunction with the conductor at the 
fore part of the gymnotus, iodine appeared at its extremity; but 
when connected with the other conductor, none was evolved at the 
place on the paper where it before appeared. By this test Dr. 
Paraday compared the middle part of the fish with other portions 
before and behind it, and found that the conductor A, which being 
applied to the middle, was negative to the conductor B applied to 
the anterior parts, was, on the contrary, positive to it when B was 
applied to places near the tail. So that, within certain limits, the 
condition of the fish externally at the time of the shock appears to 
be such that any given part is negative to other parts anterior to it, 
and positive to such as are behind it. 

(670) Evolution of Heat. — The experiments were not decisive on 
this point, as might be expected; the instrument employed was a 
Harris’s thermo-electrometer.* 

(671) Spark. — The electric spark was first obtained in the follow- 
ing manner : A good magneto-electric coil, with a core of soft iron 
wire, had one extremity made fast to the end of one of the saddle 
collectors, and the other fixed to a new steel file ; another file was 
made fast to the end of the other collector. One person then rubbed 
the point of one of these files over the face of the other, whilst 
another person put the collectors over the fish, and endeavoured to 
excite it to action. By the friction of the files contact was made 
and broken very frequently ; and the object was to catch the moment 
of the current through the wire and hedix, and by breaking contact 
during the current to make the Electricity sensible as a spark. The 
spark was obtained four times : a revolving steel plate, cut filt^fashion 
on its surface, was afterwards substituted for the lower file ; and for 
the upper file, wires of iron, copper, and silver, with all of which the 
spark was obtained. 

In subsequent experiments the spark was obtained directly 

• Mr. Gassiot, however, by employing an electrometer of peculiar construction, 
having, instead of one straight wire, two separate wires, one of fine silver and the 
other of fine platinum, made under the personal inspection of Sir William Harris, 
has succeeded in developing the heating power of the gymnotus. In the first 
experiment (made on the 21st of May, 1839), the circuit was completed through 
the platinum wire, when the liquid in the electrometer rose one degree. 

In the second experiment the circuit was completed through the silver wire, 
when the liquid rose two degrees. 
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between fixed surfaces, the inductive coil being removed, and only 
short wires used. The apparatus employed was a glass globe, 
through the upper cap of which a copper wire, slightly bent at its 
lower extremity, and carrying a slip of gold leaf, was passed; a 
similar wire terminatiog with a brass ball within the globe was 
passed through the lower cap. The gold leaf and brass ball weref 
brought into all but actual contact, and when the wires were con- 
nected with the saddle collectors, and the fish provoked to discharge 
a current of Electricity, the gold leaf was attracted to the ball, and a 
spark passed.* 

(672) When the shock is strong, it is like that of a large Leyden 
battery charged to a low degree, or that of a good voltaic battery of 
perhaps one hundred or more pairs of plates, of which the circuit is 
completed for a moment only ; and great as is the force of a single 
discharge, the fish is able to give a double, and even a triple shock, 
with scarcely a sensible interval of time. Dr. Earaday endeavoured 
to form some idea of the quantity of Electricity, by connecting a 
large Leyden battery with two brass balls above three inches in 
diameter placed seven inches apart in a tube of water, so that they 
might represent the parts of the gymnotus to w’hich the collectors 
had been applied ; but to lower the intensity of the discharge, eight 
inches in length of six-fold wetted string were interposed elsewhere 
in the circuit, this being found necessary to prevent the easy occur- 
rence of the spark at the ends of the collectors when they were 
applied to the water near to the balls, as they had been before to the 
fish. Being thus arranged, when the battery was strongly charged 
and discharged, and the hands put mto the water near the balls, a 
shock was felt much resembling that from the fish ; and though the 
experiments have no pretension to accuracy, yet as the tension could 
be in some degree imitated by reference to the more or less ready 
production of a spark, and after that, the shock be used to indicate 
whether the quantity was about the same. Dr. Earaday thought that 
it may be concluded that a single medium discharge of the fish was 
at least equal to the Electricity of a Leyden battery of fifteen jars, 

* It was Mr. Gassiot, we believe, who first obtained attractions of gold leaves in 
the following manner ; — 

A common glass tumbler, having two small holes drilled on each side, was 
inverted on a wooden stand : two copper wires, with small brass balls attached, 
were passed through the holes ; to each ball a strip of gold leaf was fixed about 
1 inch long and of an inch wide : the leaves being placed parallel to each other, 
were then approximated to within about or -jV of dn inch. On making contact 
with the eel, the leaves were not only attracted, but were actually fused, scintil- 
lating in the most beautiful manner. , ^ 
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containing 3,600 square inches of glass coated on both sides, and 
charged to its highest degree. 

(673) Numerous other interesting experiments were made by Dr. 
Paraday with this fine specimen of the gymnotus, from all of which 
it was rendered evident that all the water, and all the conducting 
matter around the fish, through which a discharge circuit can in any 
way be completed, is filled at the moment Tvuth circulating electric 
power, and this state might be easily represented by drawing the 
lines of inductive action upon it. In the case of a gymnotus sur- 
rounded equally in all directions by water, these would resemble ge- 
nerally in disposition the magnetic curves of a magnet, having the 
same straight or curved shape as the animal, i. e., provided he, in 
such cases employed, as may be expected, his four electric organs at 
once. That all the conducting matter around the fish is filled at the 
moment with circulating electric power, was proved by the fact, that 
a number of persons all dipping their hands at the same time into 
the tub, the diameter of which was forty-six inches, received a shock 
of greater or less intensity according as they were more or. less 
favourably situated with regard to the direction of the current. 

(674) The gymnotus can stun and kill fish which are in very 
various positions to its own body. Dr. Paraday describes the be- 
haviour of the eel on one occasion when ho saw it eat, as follows : 
A live fish, about five inches in length, caught not half a minute 
before, was dropped into the tub. The gymnotus instantly turned 
round in such a manner as to form a coil enclosing the fish, the latter 
representing a diameter across it : a shock passed, and there in an 
instant was the fish struck motionless, as if by lightning, in the 
midst of the water, its side floating to the light. The gymnotus 
made a turn or two to look for its prey, which having found, he 
bolted, and then went searching about for more. Living as this 
animal does in the midst of such a good conductor as water, it seems 
at first surprising that it can sensibly electrify anything ; but in fact 
it is the very conducting power of the water which favours and 
increases the shock by moistening the skin of the animal, through 
which the gymnotus discharges its latterij. This is illustrated by 
the fate of a gj^mnotus which had been caught and confined for the 
purpose of transmission to this country. Notwithstanding its won- 
derful powers, it was destroyed by a water-rat^ and when we consider 
the perfect manner in which the body of the rat is insulated, and 
that even when he dives beneath the water not a particle of the 
liquid adheres to him, ' we shall not feel surprised at the catas- 
trophe. 

(675) The gymnotus appears to be sensible when he has shocked 
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an animal, being made conscious of it, probably, by the mechanical 
impulse he receives, caused by the spasms into which he is thrown. 
When Dr. Earaday touched him with his hands, he gave him shock 
after shock ; but when he touched him with glass rods, or insulated 
conductors, he gave one or two shocks felt by others having their 
hands in at a distance, but then ceased to exert the influence, as if 
made aware it had not the desired effect. Again, when he was 
touched wdth the conductor several times for experiment on tho gal- 
vanometer, &c., and appeared to be languid or indifferent, and not 
willing to give shocks, yet, being touched by the hands, they, by con- 
vulsive motion, informed him that a sensitive thing was present, and 
he as quickly showed his power and willingness to astonish the 
experimenter. 

(67G) In these most wonderful animals, then, we behold the power 
of converting the nervous into the electric force. Is the converse of 
this possible ? Possessing, as we do, an electric power far beyond 
that of the fish itself, is it irrational or unphilosophical to anticipate 
the time when we shall be able to re-convert •the electric into the 
nervous force ? Secbeck taught us how to commute heat into Elec- 
tricity, and Peltier, more recently, has showm us how to convert 
Electricity into heat. Ey CErsted we were shown how to convert 
the electric into the magnetic force, and Earaday has the honour of 
having added the other member of the full relation, by re-acting back 
again and converting magnetic into electric force. 

(677) The following are the experiments suggested by Earaday, as 
being rational in their performance and promising in anticipation : — 

1®. If a gymiiotus or torpedo has been fatigued by frequent exer- 
tion of the electric organs, would the sending of currents of similar 
force to those he emits, or of other degrees of force, either conti- 
nuously or internyttingly, in the same direction as those he sends 
forth, restore liim his powers and strength more rapidly than if he 
were left to his natural repose ? 

2”. WoTild sending currents through, in the contrary direction, 
exhaust the animal rapidly ? 

3°. When, in the torpedo, a current is sent in the natural direc- 
tion, i. e., from below upwards, through the organ on one side of the 
fish, will it excite the organ on the other side into action ? or if sent 
through in the contrary direction, will it produce the same, or any 
eflTect on that organ ? 

4®. Will it do so if the nerves proceeding to the organ or organs 
be tied ? and will it do so after the animal has been so far exhausted 
by previous shocks, as to be unable to throw the organ into action in 
any, or in a similar, degree of his own will ? 
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(678) It is for the physiologist to pursue this inquiry : to him it 
belongs to connect these two branches of physical philosophy, a 
minute acquaintance with practical anatomy being quite as indis- 
pensable as a thorough knowledge of the laws of Electricity. “ Never, 
however,” as Daniell observes, “was there a more tempting field of 
research, or a higher reward oflTered for its successful cultivation, 
than that \Chich is presented by animal Electricity'^ 

(679) In the autumn of 1839, Professor Schoenbein of Bale, went 
through a series of experiments with the London gymnotus, and 
obtained results entirely in accordance wdth those just described. 
One fact, however, was observed during the decomposition of iodide 
of potassium which greatly surprised those who witnessed it. At 
the instant when the paper, impregnated wdth the iodide, w’as put in 
communication with the fish, a visible spark was observed : this spark 
did not occur every time, but in an exceptional manner, althougli the 
experiments were repeated in circumstances as similar as possible. 
“ So far as I myself have been able to observe,” says Schoenbein, “we 
never obtain a spark, either at the moment w hen w'o complete the 
circuit of a galvanic pile, by means of an electrolytic body, or at the 
moment when this latter is put out of the action of the current. I 
dare not, then, express an opinion upon the nature and cause of the 
phenomenon just mentioned, especially as I fear to decide whether 
the spark really occurred at the opening of the circuit, or at the 
instant of its being closed,” 

(680) In summing up some exceedingly interesting remarks on 
the electrical powers of the gymnotus,* Schoenbein declares it to be 
his opinion that the true cause of tlie phenomena is still completely 
obscure, and must neither be sought for in the pliysical or chemical 
constitution, nor in a fixed organization of certain parts of the 
animal ; but that there exists, without our being able at present to 
determine how, an intimate connection between the vital actions 
dependent on the will of the fish, and the physical phenomena which 
these vital actions produce. Until we know more exactly the nature 
of Electricity, we shall be unable to detect this intimate relation 
which exists between electric and vital action, until, we know wliether 
Electricity is only a particular condition of what we call matter, or 
whether it arises from particular vibrations of the ether, or, in fine, 
whether like gravity it must be regarded as a primitive and specific 
force of nature. So long as we are without an exact idea of w hat 
Electricity is, the different modes of its development will, of course, 
be incomprehensible to us, and we shall scarcely be able to say any- 


* Proc. Lond. Elect. Soc. p. 133. 
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thing upon the cause of animal Electricity, even though anatomists 
and physiologists should have very carefully studied the structure of 
the fish, and should have made us most intimately acquainted with 
all its fibres and its most minute nerves.” 

(681) Eig. 232 is an engraving of another electrical fish, the 


Fig. 232. 



Silurus ^lectricus. It is about twenty inches long, and is found in 
the Senegal, the Niger, and the Nile. Its flesh is an article of food, 
and its skin is used as a medicine. The shock is distinctly felt when 
it is laid on one hand, and touched by a metallic rod held in the 
other. Its electrical organs, according to M. Geoffrey, are much less 
complicated than those of other electrical fishes. Other known 
electrical fishes arc the Tetraodon JElectricus^ found in cavities of the 
coral rocks in Johanna, one of the Canary Islands, and also in the 
American seas ; the Trichiarus Electriciis, which inhabits the Indian 
seas : several others have been met with, but not hitherto accurately 
described. 


Electricity of Elants. 

(682) It was long ago announced by Pouillet {Eogg, Ann, xi. 430), 
that during the process of vegetation Electricity Was excited, but the 
conclusions of this Electrician w^erc not confirmed by the experiments 
of lleiss {Vogg. Ixxix. 288). Becquercl more recently {Comjgt, 
Bend. xxxi. 633) observed various electric actions in growing plants, 
w hich, liowever, he ascribed to a chemical origin. . The latest investi- 
gations are those of Wartmann {BihliotJieque Universelle de Geneva, 
Dec. 1850) and of Buff (Fhil, Mag., AT. S., vol. vii., p. 122). The 
following are the conclusions to which the first arrived after an 
investigation continued for two years : — • 

1. ° Electric currents are to be detected in all parts of vegetables 
but those furnished with isolating substances, old bark, <&c., &c. 

2. " These currents occur at all times and seasons, and even when 
the portion examined is separated from the body of the plant, as loiig 
as it continues moist. 

3. ® In the roots, stems, branches, petioles, and peduncles, there 
exists a central descending, and a peripherical ascending current; 
W artmann calls them axial currents. 

4. ° On connecting, by means of the galvanometer, the layers of 
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the Btem where the liber and the alburnum touch, either with the 
most central parts (pith and perfect wood) or with the most external 
parts (young bark), lateral currents passing from these layers to 
surrounding parts have been detected. 

5. ° In the leaf the current passes from the lamina to the nerves, 
as well as to the central parts of the petiole and the stalk. 

6. ° In the flowers the currents are feeble. They are very marked 
in the succulent fruits, and in some kinds of grain; the currents 
from fruits proceeding in most cases from the superficial parts to the 
adjacent organs. The strength of the current depends on the 
season, they are greatest in the spring, when the plant is bathed in 
sap. 

7. ° Currents can also be detected proceeding from the plant to the 
soil, which is thus positive with relation to it, and currents are also 
manifested when two distinct plants are placed in the circuit of the 
rheometer. 

(683) These experiments have been repeated and confirmed by 
Becquerel {Gomptea Eendtts, Nov. 4th, 1850). He ascertained par- 
ticularly the determination of electrical currents from the pith and 
the wood to the bark, which shows that the earth in the act of vege- 
tation continually acquires an excess of positive Electricity and the 
parenchyma of the bark, and a part of the wood an excess of negative 
Electricity, which is transmitted to the air by means of the. vapour of 
exhaled water ; and the opposite electric states of vegetables and the 
earth give reason to think that from the enormous vegetation in 
certain parts of the globe, they must exert some influence on the 
electric phenomena of the atmosphere. 

(684) Bufi* objects to the conclusions of Wartmann and Becquerel 
on the ground that the platinum wires employed by these electricians 
exhibit, when in contact with the liquids in the plants, difierent 
degrees of electric excitation, and the sum or the difference, of these 
actions must of necessity change the quantity, and perhaps, also, the 
quality, of the original action due to the plant alone^- Hence he con- 
siders that the question, whether plants, in their, natural condition 
and during their free growth, discharge Electricity, is not answered 
by these experiments. 

The method he adopted was altogether different. Two beakers 
were filled to the depth of half an inch with mercury, and then with 
water ; the plant to be examined had its roots placed in one and its 
leaves in the other. Two platina wires, hermetically sealed into 
glass tubes, exposing a few lines at the end, were immersed in the 
mercury of each beaker, and connected with the galvanometer. The 
following general results were obtained : “ The roots and all the inte- 
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rior parts of the plants filled with sap, are in a permanently negative 
condition, while the moist or moistened surface of the fresh branches, 
leaves, flowers, and fruits are permanently jgositively electric.** The 
direction of the current was always from the roots to the leaves, and 
(in parts of plants) from the place of severance to the external sur- 
face of the leaves ; even scratching a leaf had the effect of determining 
a current from the wounded to the entire portion. 
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CHAPTEE XI. 
THEEMO-ELECTEICITT. 

Ill the jefir 1821, Professor Seebeck, of Berlin, made the capital 
discovery that electric currents may be excited in all metallic bodies 
by disturbing the equilibrium of temperature, the essential conditions 
being that the extremities should be in opposite states as regards 
temperature. His apparatus was remarkably simple : it consisted of 
two different metals (antimony and bismuth were found the most 
efficient), soldered together at their extremities and formed into 
frames of either a circular or a rectangular figure. Electricity 
was excited by the application of heat to the places at which the 
metals were united, and was evinced by the disturbance of the 
astatic magnetic needle balanced on a point, 
situated between the extremities. Eig. 233 
shows the disposition of the apparatus. The 
best effect is produced by heating one of the 
compound corners by the flame of a spirit- 
lamp, and cooling the opposite comer by 
wrapping a few folds of filtering paper round 
it and moistening it with ether. Pouillet’s 
arrangement, Eig. 234, consists of a stout 
cylindrical bar of bismuth bent twice at right 
angles with soldered copper wires attached to 
the ends communicating with a contrivance 
on the stand for completing the electric 

circuit in any direction. 

Eig. (235) shows another mode of arranging the metals : c e is a 

Fig. 235. 



Fig. 234. 



plate of copper, the ends of which are bent at right angles and 
soldered to the. plate of bismuth & & ; a magnetic needle is balanced in 
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tho interior of the circuit. The apparatus being placed in the mag- 
netic meridian, one of the junctions of the metals is heated by a 
spirit-lamp, the needle is immediately deflected showing the passage 
of ah electric current in the direction of the arrow head, t. e., from 
the hot to the cold end. 

In Fig. 236 two frames, composed of platinum and Fig. 236. 
silver wires, are represented delicately poised on the 
poles of a horse-shoe magnet, a spirit-lamp being 
placed between them, the flame of which causes the 
circulation of thermo-electric currents in the wires, as 
evinced by their rotation round the poles of the 
magnet. 

(685) Experiments have shown that the thermo- 
electric properties of metals have no connection with 
their galvanic relations or their power of conducting heat or Elec- 
tricity ; neither do they accord either with their specific gravities or 
atomic weights. In forming a thermo-electric series, it is desirable 
to combine an extreme positive with an extreme negative metal. 

The subjoined table by Professor Gumming exhibits a series. 
When any of these metals are heated at their point of junction, 
electrical currents are developed in ^uch a manner that each metal 
becomes positive to all below and negative to all above it in the test ; 
and the reverse order is observed if the point of junction be cooled. 



Thermo-olectric 

Volta series 

Series of conductors — 

series. 

bj acids. 

of Electricity. 

of beat. 

Galena 

Potassium 

Silver 

• Silver 

Bismuth 

Barium 

Copper 

Gold 

Mercury ) 

Zinc 

Lead 

Tin 

Nickel } 

Cadmium 

Gold \ 

Copper 

Platinum 

Tin 

Brass X 

Platinum 

Palladium 

Iron 

Zinc ' 

Iron 

Cobalt \ 

Bismuth 

Tin 

Lead 

Manganese ( 

Antimony 

Platinum 


Tin 

Lead 

Palladium 


Lead 

Copper 

Iron 


Brass 

Silver 



Bhodium ' 

Palladium 



Gold 

Tellurium 



Copper 

Gold 



Silver 

Charcoal 



Zinc 

Platinum 



Cadmium 

Iridium 



Charcoal ) 

Bhodium 



Plumbago ) 




Iron 




Arsenic 




Antimony 
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(686) Many trials have been made to construct thermo-electric 
piles, that would operate in a manner similar to the admirable instru- 
ment for which we are indebted to the genius of Yolta. It appears 
that the labours of MM. Nobili and Mellon! were first crowned with 
the greatest success. These two philosophers constructed conjointly 
a thermo-electric pile, with which they made some very interesting 
Fig. 237. experiments on radiant heat. The pile, Figs. 237, 
238, was composed of fifty small bars of bismuth and 
antimony, placed parallel side by side, forming one 
prismatic bundle thirty millimetres’*^ loug, and some- 
thing less in diameter. The two terminal faces were 
blackened. The bars of bismuth, which succeeded 
alternately to those of antimony, were soldered at their extremities 
to the latter metal, and separated at every 
other part of their surfaces, by some insulating 
substance, such as silk or paper. The first and 
last bars had each a copper wire which termi- 
nated in a peg of the same metal passing through 
a piece of ivory, fixed in a ring. The space 
between this ring and the elements of the pile 
was filled vdth some insulating substance. The 
loose extremities of the two wires were con- 
nected with the ends of the wire of a galvano- 
meter which indicated by the motion of the needle when the tempera- 
ture of the farthest face of the pile was above or below that of the other. 

In Fig. 239 is a representation of this thermo-electric pile, as 
arranged by Melloni for his experiments on radiant heat ; t, a brass 
cylinder containing the compound bars, having the wires from the 



poles connected with the galvanometer, which, as the thermo-current 


* A metre is 89*37 inches; a decimetre 3*9 inches; a centimetre inches ; 
and a millimetre 0*039 inches. 


Fig. 238. 
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has but little intensity, should consist of a few coils of pretty stout 
copper wire. The extremities of the bars at h being exposed to any 
source of radiant heat, such as the copper cylinder (?#heated by the 
lamp I, while the temperature of the other extremity of the bars 
remains unchanged, a current of Electricity passes through the wires 
from the poles of the pile and causes the needle of the galvanometer 
to be deflected. The quantity of Electricity circulating increases in 
proportion to the difference of the temperature of the two ends ; that 
is, in proportion to the quantity of heat falling on 5, and the effect of 
this current of Electricity on the needle, or the deviation produced, 
is proportional to the quantity of Electricity circulating, and con- 
sequently to the heat itself — at least Melloni found this correspond- 
ence to be exact through the whole are from zero to twenty degrees, 
when the needle is truly astatic. The deli- 
cacy^of this apparatus is such, that, according 
to J^obili, it is capable of measuring a differ- 
ence of temperature of of a degree. 

(687) Thermo-piles are now constructed 
by soldering together at their alternate edges 
bars of antimony and bismuth, with squares 
of card-board or thick paper intervening to 
prevent contact, the terminal metals being 
furnished with wires for the convenience of 
connection. 

(688) Fig. 240 is a representation of 

Locke’s convenient form of the thermo- 
electric battery. It is composed of from 30 
to 100 series of bars of antimony and bismuth 
soldered together at their extremities, and 
placed in a metallic cylinder which is then 
filled with plaster of Paris, leaving merely 
the extremities of the bars exposed. The 
first bar of bismuth is connected with one 
mercury cup, and the last antimony bar with Fig. 241. 

the other cup. The instrument is put in 
action by placing it in a vessel of ice, and 
then laying the hot iron plate on the top. 

Fig. 241 is Professor Gumming’ s stellar- 
form thermo-electric composite battery. It 
is composed of a series of forty pairs of iron 
and copper wires, formed in radial lines on a 
circular card-board. The battery is excited 
by the radiation of a heated body, placed 
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opposite ihfi central junctions, while, at the same time, the exterior 
parts of the wire-frame are screened from the influence of the calorific 
rays by a polished reflecting screw. 

Fig. 242. Pig. 242 is Professor Dove’s 

composite thermo-battery for 
constant currents. It consists 
of a horizontal half-cylinder of 
wood covered with 100 pairs of 
iron and platinum wires, which 
touch its periphery in such a 
manner that all the iron wdres 
are situated in a right-handed 
ball, the platinum wares in a left- 
handed spiral. The elevation of temperature at the junction of the 
united pairs is cfiected by the oil or w ater contained in the obfong 
trough being heated by a spirit lamp. 






Fig. 243. Pig- 243 represents Tan der Toort’s 

■ XTa ' ii ' 4 thermo-electric combination, consisting 

L of eighteen pairs of bismuth and anti- 
mony prismatic rods united alternately 
I [lij I \\ 11 by solder, and fixed in a mahogany box 

Ljjliiii by plaster of Paris, leaving the tw'o 

Y extremities of the metals exposed to 

be acted on by unequal temperatures, 
"-i" lower end is placed in 

a freezing mixture, and boiling oil or w^ater is placed on the top. 

Fig. 244. Wj-tkins’s massive thermo-electric 

r r shown in Pig 244. It con- 

sists of an association of square 
lb bismuth and antimony plates, alter- 

ak I soldered together, so as to 

1 — form a composite batteiy, mounted 

^ frame with the upper and lower 
junctions of the metals exposed. 
^ When either ends are slightly ele- 

Fig. 24 5. Qj, depressed, in regard {o temperature, the electric 

BH current is established, and with the radiation of red hot 
|Uy[]| iron at one extremity and ice at the other, all the ordinary 
electrio phenomena, such as the spark, beat, electro- 
\||[ magnetic rotations, chemical action, <&c., are developed. 

(689) A very ingenious hygrometer, founded on 
tbermo-electrie principles, was invented by Peltier, Pig. 
245. It consists of a series of slender bars of antimony 


m 


Fig. 245. 
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and bismuth, arrauged alternately in the form of a crown, and 
metallically united in pairs: the extreme bars are connected by 
copper wires, with binding screws attached to the stem of the 
support. A platinum dish containing distilled water is placed on 
the points of the compound bars. An electrical current is developed 
by the reduction of temperature, occasioned by the evaporation of 
tlie water in the capsule, and the deflection of the galvanometer 
caused thereby, may be taken as a measure of the rapidity of 
evaporation, and hence, of the hygrometric state of the £fbmosphere. 

(690) It w’as discovered by Peltier that heat is absorbed at the sur- 
face of contact of bismuth and antimony in a compound metallic con- 
ductor when Electricity traverses it from the bismuth to the antimony, 
and that heat is generated when the current traverses-it in a contrary 
direction. This is referred to by Joule (JPliil. Mag. 1843), as show- 
ing liow it may be proved that when an electrical current is continu- 
ously produced from a purely thermal source, the quantities of heat 
evolved electrically in the different homogeneous parts of the circuit 
are only compensations for a loss from the junctions of the different 
metals, or that when the eflect of the current is entirely thermal, 
there must be just as much heat emitted from the parts not affected 
by the source, as taken from the source. Adie {Fhil. Mag. vol. v. 
p. 197,) denies the production of cold under any circumstances by 
the electrical current, but the following ingenious experiment of 
Tyndall, who has recently re-investigated the subject {Fhil. Mag. 
vol. iv, 1852, p. 419,) seems quite conclusive on the point ; — 


Fig. 246. 



B is a curved bar of bismuth with each end of which a bar of 
antimony A A is brought into close contact; in front of the two 
junctures are chambers hoUow^ed out in cork, and fllled with mercury. 
A current is sent from the cell B in the direction indicated by the 
arrow ; at M It passes from antimony to bismuth, and at M' from 
bismuth to antimony. Now, if Peltier’s observation be correct, we 
ought to have the mercury at M warmed, and that at M' cooled, by 
the passage of the current. After three minutes* circulation, the 
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voltaic circuit was broken, and the thermo-test pair A' B' dipped 
into W, the consequent deflection was 38° ; and the sense of the 
deflection proved that at heat had been absorbed. The needles 
were brought quickly to rest at 0°, and the test pair was dipped into 
M, the consequent deflection was 60°, and the sense of the deflection 
proved that at M heat had been generated. The system of bars 
represented in the figure being imbedded in wood, the junction at M 
was cooled slowly, and would have taken a quarter of an hour, at 
least to assume the temperature of the atmosphere. The voltaic 
current was reversed, and three minutes’ action not only absorbed 
all the heat at M, but generated cold sufficient to drive the needle 
through an arc of 20° on the negative side of 0*. 

It was shown by Lenz (Pej/y. Ann. vol. xliv. p. 341), that if two 
bars of bismuth and antimony be soldered across each other at right 
angles, and they be touched with the conducting wires of the battery, 
so that the positive current will have to pass from the bismuth to the 
antimony, a cold sufficient to freeze water may be produced ; for if a 
cavity be excavated at the point of contact, and a drop of water 
previously cooled to nearly 32° be placed therein, it will rapidlg 
become ice. 

(691) The first account we have of the production of a spark 
from ap thermo-electric apparatus, appears in a communication from 
Professor Wheatstone to the London and Edinburgh Philosophical 
Magazine (vol. x. p. 414). The following is the simple statement : — 

The Cav. Antinori, Director of the Museum at Florence, having 
heard that Professor Linari, of the IJniversity of Siena, had succeeded 
in obtaining the electric spark from the torpedo by means of an 
electro-dynamic helix and a temporary magnet, conceived that a 
spark might be obtained by applying the same means to the thermo- 
electric pile. Appealing to experiment, his anticipations were fully 
realized. "No account of the original investigations of Antinori has 
reached, we believe, this country, but Professor Linari, to whom he 
early communicated the results he had obtained, immediately repeated 
them, and published the follow ing additional observations of his own, 
in L^Indicatore Sanese, No. 50, Dec. 13, 1836. 

1°. ‘‘With an apparatus consisting of temporary magnets and 
electro-dynamic spirals, the wire of which was five hundred and five 
feet in length, he obtained a brilliant spark from a thermo-electric 
pile, of Nobili’s construction ; consisting only of twenty-five elements, 
which was also observed in open day-light. 

2°. “ With a wire eight feet long, coiled into a simple helix, the 
spark constantly appeared in the dark, on breaking contact, at every 
interruption of the current ; with a wire fifteen inches long, he saw 
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it seldom, but distinctly ; and with a double pile, even when the wire 
was only eight inches long. In all the above-mentioned cases, the 
spark was observed -only on breaking contact, however much the 
length of the wire was diminished. 

8®. “The pile, consisting merely of these few elements, readily 
decomposed water, within such restricted limits of temperature as 
those of ice and boiling water. Short wires were employed, having 
oxidable extremities ; the hydrogen was sensibly evolved at one of 
the poles. 

4®. “ A mixture of marine salt moistened with water, and of nitrate 
of silver, being placed between two horizontal plates of gold, com- 
municating respectively w4th the wires of the pile, the latter, after 
having acted on the mixture, gave evident signs of the appearance of 
revivified silver on the plate which was next the antimony. 

5°. “ An immagnetic needle, placed within a clt^se helix, formed by 
the wire of the circuit, was well magnetised by the current. 

6®. “ Under the action of the same current, the phenomenon of 
the palpitation of mercury was distinctly observed.** 

(692) The principal results here stated w’ere verified by Professor 
Wheatstone ; he employed a thermo-electric pile, consisting of thirty- 
three elements of bismuth and antimony, formed into a cylindrical 
bundle, threc-foimths of an inch in diameter, and one inch and one- 
fifth in length ; tlie poles of this pile were connected by means of 
two thick wires, with a spiral of copper ribbon, fifty feet in length, 
and one inch and a-half broad, the coils being well insulated by 
brown paper and silk. One face of the pile was heated by means of 
a red-hot iron, brought within a short distance of it ; and the other 
face was kept cool by contact with ice. Two stout wires formed the 
communication between the poles of the pile and the spiral, and the 
contact w’as broken when required in a mercury cup, between one of 
the extremities of the spiral and one of these wires. Whenever 
contact was thus broken, a small but distinct spark was seen ; it was 
visible even in day-light. Professors Daniell, Henry, and Bache 
assisted in the experiments, and were all equally^ satisfied with the 
reality of the appearance. 

At another trial, Professor Wheatstone obtained the spark from 
the same spiral,, connected with a small pile of fifty elements, on 
which occasion Dr. Paraday and Professor J ohnston were present. 
On connecting two such piles together, so that the similar poles of 
each were connected with the same wires, the same was seen 
brighter. 

(693) Some experiments on the chemicar action of the thermo- 
electric pile, were made anterior to those above described, by Professor 
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G-. D. Botto, of the university of Turin, with a different arrangement 
of metals ; his experiments are published in the Biblioth^ue TJni- 
verselle for September, 1832. His thermo-electric apparatus was a 
metallic wire or chain, consisting of twenty pieces of platinum wire, 
each one inch in length, and one-hundredth of an inch in diameter, 
alternating with the same number of pieces of soft iron wire, of the 
same dimensions. This wire was coiled as a helix round a wooden 
rule, eighteen inches long, in such a manner that the joints were 
placed alternately at each side of the rule, being removed from the 
wood at one side to the distance of four lines. Employing a spirit- 
lamp of the same length as the helix, and one of Hobili’s galvano- 
meters, a very energetic current was shown to exist; acidulated 
water was decomposed, and the decomposition was much more abun- 
dant, when copper instead of platinum poles were used ; in this case, 
hydrogen only was liberated. The current and decomposition were 
augmented when the joints were heated more highly. Better effects 
were obtained with a pile of bismuth and antimony, consisting of 
one hundred and forty elements, bound together into a parallelopiped, 
having for its base a square of two inches, three lines, and an inch 
in height. 

(091) For developing Electricity of feeble intensity it is always 
best to employ a flat copper ribbon coil. Mr. Watkins found that 
he could always show a larger spark with it than with an elongated 
wire coil and large temporary magnet ; and that the snapping noise 
accompanying the thermo-electric spark was more discernible. 

]Mr. Watkins arranged one of the extremities of his pile of strong 
sheet copper, cut like a comb, and covered with soft solder ; and when 
the moveable extremity of the flat coil is passed over the comb, and 
the thermo-electric pile in action, bright sparks were seen every time 
the moving part of the coil broke the circuit by leaving a tooth of the 
comb. With a pile consisting of thirty pairs of bismuth and antimony, 
one inch and a-half square, and one-eighth thick, with the radiationfrom 
red-hot iron at one extremity, and ice at the other, a soft iron electro- 
magnet under the inductive influence of the Electricity thus generated, 
supported ninety-eight pounds weight. The same experimentalist 
states that he has thermo-electric piles in his possession, varying from 
fifteen to thirty pairs of metallic elements, which give brilliant sparks 
by simply pouring hot water on one end, while the other end is at the 
temperature of the atmosphere ; and that sparks are exhibited by the 
same piles, when the temperature is reduced at one end by the aid of 
ice, while the other end is at the temperature of the surrounding air. 
In order to effect the decomposition of water, Mr. Watkins employed 
a massive thermo-battery, with pairs of bismuth and antimony, a small 
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apparatus for the decomposition of water, of the ordinary description, 
and an electro-dynamic heliacal apparatus. The primary coil of wire 
was ninety feet long, and w'hen the thermo-electric current simply per- 
vade# this coil, he did not notice any disengagement of the gases ; hut 
as soon as the contrivance for making and breaking battery-contact was 
put in action, then an evolution of the gases took place, while at the 
same time powerful shocks were received from the secondary coil of 
wire one thousand five hundred feet long. 

(G95) From the interesting discovery made by Faraday, of the high 
conducting power of certain fused salts for voltaic Electricity, Dr. 
Andrews was led to imagine that thermo-currents may be excited by 
bringing them into contact with nietak, and he succeeded in verifying 
this conjecture in the following manner : — 

(GOG) Having taken two similar wires of platina (such as are used 
in experiments with the blowpipe), and connected them with the ex- 
tremities of the copper wire of a delicate galvanometer, he fused a 
small globule of borax in the flame of a spirit-lamp on the free ex- 
tremity of one of the platinum wires, and introducing the free extremity 
of the other wire into the flame, he brought the latter, raised to a higher 
temperature than the former, into contact with the fused globule ; the 
needle of the instrument w’as instantly driven wdth great violence to 
the limit of the scale. The direction of the current was from the 
hotter platinum wire through the fused salt to the colder wire. A per- 
manent electrical current in the same direction was obtained by simply 
fusing the globule between tlie two wires, and applying the flame of 
the lamp in such a manner, that, at the points of contact wdth the 
fused salt, the wires were at different temperatures. 

(GO 7) Dr. Andrews also succeeded in obtaining chemical decomposi- 
tions by this peculiar thermo-current. A piece of bibulous paper, 
exposing on each side a surface of one-fourth of a square inch, was 
moistened wdth a solution of the iodide of potassium, and laid on a 
platinum plate, wdiich was in metallic connexion with ono of the 
platinum wdres used in the previous experiments. The extremity of 
the other platinum wire in contact with ’the globule, was applied to 
the surface of the bibulous paper, and the flame of the lamp was so 
directed, that the latter was the colder of the wires, between wdiich 
the globule of borax, or carbonate of soda, was fused. The platinum 
plate in this arrangement, therefore, constituted the negative pole, and 
the extremity of the wdre applied to the bibulous paper the positive 
pole* Accordingly when the circuit was completed, an abundant 

* Dr. Andrews found that by using a platinum wire, exposing an extensive 
surface, as one pole of a voltaic pair, and a fine wire of the same metal as the 
other, he could effect the decomposition of water ; when, by employing a pair of 
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deposition of iodine occurred beneath the platinum wire. When a 
similar wire of platinum was substituted for the plate on the negative 
side, the effect was either nom or scarcely perceptible. 

(698). Dr. Andrews next formed a compound arrangemeiJfc, by 
placing a series of platinum wires on supports, in the same horizontal 
line, and fusing betw eeii their adjacent extremities small globules of 
borax. The globules and wires w ere exactly similar to those that are 
used in blow-pipe experiments, A spirit-lamp was applied to each 
globule, so as to heat unequally the wires in contact w ith it ; andtlie 
corresponding extremity of each wire being preserved at the higher 
temperature, the current was transmitted in the same direction 
through the whole series. By connecting the extremities of four 
cells of tliis arrangement with an apparatus for decomposing w'^ater, 
in which the opposite poles consisted of a thick platinum wire, and a 
guarded platinum point (both being immersed in dilute sulphuric 
acid), very minute bubbles of gas soon appeared at the guarded point, 
and slowly separating from it, ascended through the liquid. They 
were obtained in w’hichever direction the current was passed, but 
rather more abundantly w hen the point was negative and the wdre 
positive. With only tw*o cells, similar bubbles formed in a visible 
manner on the guarded point, but in such exceedingly small quantity 
that they did not separate from it. With an arrangement contain- 
ing twenty cells, a doubtful sensation was communicated to the 
tongue, w hen the poles were applied to it : but no spark w'as visible, 
although the current was passed through a helix of copper w ire, 
surrounding a bar of iron, and the contact was broken wdtli great 
rapidity, by means of a revolving apparatus. It is necessary to 
observe, however, -that the lamps were unprotected, and that it was 
impossible to render the flames of such a number of spirit-lamps, 
burning near each other, so steady, as to heat at the same moment, 

similar platinum plates, or similar fine wires as poles, he could obtain no such 
result. After the evolution of gas had ceased, he finds that an additional quantity 
is procurable, either by increasing the surface of the broad pole, or by removing 
it, and hq^ting it to redness, or by reversing the direction of the current. Dr, 
Andrews accounts for this, by supposing that when the poles exposed on both 
sides equal surfaces, the uerc dissolved in tlte nmcent slate by the surrounding 
liquid ; but when the polar surfaces were unequal, the solution of the gas being 
greatly facilitated by the broader pole, thfi element of water separated there was 
dissolved, while the other element was disengaged in the gaseous state at the 
wire, which served as the opposite pole. In order, therefore, to discover, in case 
of difficulty, whether an electrical current is capable of decomposing water, or 
other substances, it is necessary to employ poles, having very unequal sur&oes ; 
and this will be effected in the most perfect manner by opposing a thick wire, or 
plate of platinum, to one of Wollaston’s guarded points (211). 
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in the required manner, all the globules and wires. With an enlarged 
and more perfect apparatus, Dr. Andrews thinks a spark might be 
obtained. 

(690) Hence it appears that an electrical current is always pro- 
duced when a fused salt, capable of conducting Electricity, is brought 
into contact with two metals, at different temperatures, and that 
powerful chemical affinities can be overcome by this current quite 
independently of chemical action. The direction of the current is not 
influenced by the nature of the salt or metal, being always from the 
hotter metal through the fused salt to the colder ; its intensity is 
inferior to that of the hydro-electric current developed by platinum 
and zinc plates, but greatly superior to that of the common thermo- 
electric currents, and is capable of decomposing, with great facility, 
water and other electrolytes. Dr. Andrews found also that currents 
were produced before the salt becomes actually fused, but that their 
direction no longer follows the simple law before enunciated, but 
varies in the most perplexing manner, being first from the hot metal 
to the cold, then with an addition of heat, from the cold to the hot ; 
and again, with a second addition of heat, from the hot to the cold. — 
(See Dr. Andrews’ paper, in vol. x., and page 433, of the L. and 
E. Phil. Mag.) 

(700) Since the phenomena of thermo-Electricity seem to account, 
in a satisfactory manner, fort he general distribution of Elec- 
tricity and magnetism over the earth, the interest attached to this 
peculiar development of the subtile agent we have been engaged with, 
is exceedingly great. That the earth may be considered as a great 
magnet, the phenomena of the dip of the needle sufficiently show : 
and tlie facts connected with electro-magnetism lead to the conclu- 
sion, that, when a magnetic needle is in its* natural position of north 
and south, there exist electrical currents in planes of right angles to 
the needle descending on its east side, and ascending on its west 
side ; we must hence suppose that currents of Electricity are con- 
stantly circulating within the earth, especially near its surface, from 
east to west, in planes parallel to the magnetic equator. 

(701) The cause of these electrical currents has been thus ex- 
plained by Ampere. The earth, during its diurnal motion on its 
axis from west to east, has its surface successively exposed to the 
solar rays, in an opposite direction, or from east to west. The surface 
of the earth, therefore, particularly between the tropics, will be heated 
and cooled in succession, from east to west, and currents of Electricity 
on thermo-electric principles will, at the same time, be established in 
the same direction : now, these currents once established, from east 
to west, will, of course, give occasion to the magnetism of the earth 



496 


THEBMO-ELECTEIOIM. 


from nortli to south. Hence, the magnetic directive power of the 
eaii;h, in a direction nearly parallel with its axis, is derived from the 
thermo-electric currents induced in its equatorial regions by the 
unequal distribution of heat there present, and depending principally 
on its diurnal motion. 

The actual existence of these electrical currents has been fully 
established by the experiments of Fox, Beich, and others, made in 
mines. It was ascertained, by the former., that by connecting two 
distant parts in the same vein, with the wires of a galvanometer, that 
currents of different degrees of intensity run in some cases* from 
east to west, and in others, from west to east. Beich verified this 
observation in the mines of Saxony, and he found that the direction 
of the currents depended on the geographical situation of the place, 
and on the depth of the station below the surface. 
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CHAPTEE XIL 

THE THEOET OP THE VOLTAIC PILE. 

(702) Is the proximate cause of the voltaic current the contact of 
the two dissimilar metals, or is it the action of the oxidizable metal 
on the water of the acid solution? This question has been the 
subject of much profound discussion. It has already been stated 
that the first view of the subject was adopted by Volta, who, attri- 
buting tlie Electricity of the j)ile to the contact of dissimilar metals, 
regarded the interposed solutions merely as imperfect conductors, 
admitting the transfer of Electricity when the circuit was completed; 
and when incomplete, throwing the whole by induction into an 
electro ])olar state. This view lias been adopted and reasoned on, 
with their peculiar^ ingenuity, by the German philosophers ; on the 
other hand, a powerful mass of evidence has been brought against it 
by .Faraday, and the chemical theory has obtained, in this country 
at least, almost universal assent. 

(703) It will be proper, however, to attempt a popidar account of 
the present state of this interesting question. By Davy the electric 
state of the pile was considered as due partly to the contact of tho 
opposed metals, and partly to the chemical action exerted on them 
by the liquid. He concluded, to use his own words,’**' tliat “ chemical 
and electrical attractions are produced by the same cause ; acting, in 
one case, on particles, in the other on 7nasses of matter ; and that 
the same property, under difierent modifications, is the cause of all 
the phenomena exhibited by difierent voltaic combinations.’* By 
Dr. Wollaston the phenomena were referred solely to chemical 
action ; and he even attributed the Electricity of the common ma- 
chine to tho oxidizenient of the amalgam, and found, contrary to the 
experiments of his great contemporary, that the electrical machine 
was not active in atmospheres of hydrogen, nitrogen, or carbonic 
acid. The first suggestion, however, of the chemical origin of voltaic 
Electricity is to be found in a paper communicated by Fabroni, in 
1792, to the Florentine Academy. This philosopher ascribed the 
convulsions in the limbs of the frog, in the experiments of Galvani 
and Volta, to a chemical change made by the contact of one of the 

* Philosophical Transactions, 1826, p. 389. 
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metises wifcli the liquid matter on the parts of the animal body ; to a 
decomposition of this liquid : and to the transition of oxygen from 
a state of combination with it, to combination with the metal. He 
maintained that the convulsions were chiefly due to the chemical 
changes, and not to the Electricity incidental to them, which he con- 
sidered, if operatmg at all, to do so in a secondary way. Pepys 
placed a pile in an atmosphere of oxygen, and. found that in the 
course of a night, 200 cubic inches of the gas had been absorbed ; 
while in an atmosphere of azote, it had no action. MM. Biot and 
Cuvier also observed the quantity of oxygen absorbed, and inferred 
from their experiments that, “ although, strictly speaking, the evolu- 
tion of Electricity in the pile was produced by oxidation, the share 
which this had in producing the effects of the instrument bore no 
comparison with that which was due to the contact of the metals, 
the extremities of the series being in communication with the 
ground.” 

(704) The source of the Electricity of the voltaic pile was made 
by Faraday the subject of the 8th, 16th, and I7th series of his 
Experimental Besearches. By the arrangement shown in Fig. 247 
he succeeded in producing Electricity quite independent of contact. 
A plate of zinc (Fig. 247) was cleaned and bent in the pjg. 247. 
middle to a right angle ; a piece of platinum, about 
three inches long and half an inch wide, h, was fas- 
tened to a platinum wire, and the latter bent as in the 
figure. These two pieces of metal were arranged as 
shown in the sketch ; at a? a piece of folded bibulous 
paper, moistened in a solution of iodide of potassium, 
was placed on the zinc, and was pressed upon by the 
end of th^ platinum wire ; when, under these circum- 
stances, the plates were dipped in the diluted nitrid 
and sulphuric acids, or even in solution of caustic potash, contained 
in the vessel c, there was an immediate effect at x, the iodide being 
decomposed, and iodine appearing at the anode, that is, against the 
end of the platinum wire. As long as the lower ends of the plates 
remained in the acid, the electric current proceeded, and the de- 
composition proceeded at x. Qn removing the end of the wire 
&om place to place on the paper, the effect was evidently very 
powerful; and on placing a piece of turmeric paper between the 
white paper and the zinc, both papers being moistened with a solu- 
tion of iodide of potassium, alkali was evolved at the cathode against 
the zinc, in proportion to the evolution of iodine at the a/node ; the 
galvanometer also showed the passage of an electrical current ; and 
we have thus a simple circle of the same construction und action as 
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those described in Chapter VII., except in the absence of metallic 
contact. 

(706) It is shown bj Faraday that metallic contact favours the 
passage of the electrical current, by diminishing the opposing affini- 
ties. When an amalgamated zinc plate is dipped into dilute sulphuric 
acid, the force of chemical affinity exerted between 9ie metal and the 
fluid is not sufficiently powerful to cause sensible action at the sur- 
faces of contact, and occasion the decomposition of the water by the 
oxidation of the metal, though it is sufficient to produce such a 
condition of Electricity as would produce a current if there were a 
path open for it ; and that current would complete the conditions 
necessary, under the circumstances, for the decomposition of .water. 
Now, when the zinc is touched by a piece of platinum, the path 
required for the Electricity is opened, and it is evident that this must 
be far more eflectual than 'when the two metals are connected through 
the medium of an electrolyte ; because a contrary and opposing action 
to that which is influential in the dilute sulphuric acid is then intro- 
duced, or at any rate the affinity of the component parts of the 
electrolyte has to be overcome, since it cannot conduct without 
decomposition, and thia decomposition re-acts upon, and sometimes 
neutralizes, the forces which tend to produce the current. 

(700) The mutual dependence and state of the chemical affinities 
of two distant portions of acting fluids, is well shown in the following 
experiments : Let P (Fig. 248) be a Fig. 248. 

plate of platinom, Z a plate of amal- 
gamated zinc, and y a drop of dilute 
sulphuric acid; no sensible chemical 
action takes place till the points P Z are connected by some body 
capable of conducting Electricity : then a current passes ; and as it 
circulates through the fluid at y, decomposition ensues. 

In Fig. 249 a drop of solution of Pig. 249 . 

iodide of potassium is substituted, at 
oc, for the acid : the same set of effects 
occurs ; but the electric current is in 
the opposite direction, as sho'wn by 
the arrows. 

In Fig. 250 the dilute sulphuric Fig. 250. 

aqid and the iodide of potassium are 
opposed to each other at y and sc: 
there is no metallic contact between 
the zinc and platinum ; but there is an 
opposition of forces; the stronger (that brought into play by the 
acid) overcomes the weaker, and determines the formation and 

K K 2 
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direction of tlie current; not merely making that current pass 
through the weaker liquid, but actually reversing the tendency which 
the elements of the latter have in relation to the zinc and platinum 
if not thus counteracted, and forcing them in a contrary direction to 
that they are induced to follow, that its own current may have free 
course. 

(707) To decompose a compound by the current from a single pair 
of plates wa^ considered impossible : by some beautiful experiments, 
liowever, Faraday proved that iodide oT potassium, protochloride of 
tin, and chloride of silver, may bo decomposed by a single pair, 
excited with dilute sulphuric acid; and thereby showed the direct 
opposition and relation of the chemical affinities concerned at the 
two points of action. Where the sum of the opposing affinities was 
sufficiently beneath the sum of the acting affinities, decomposition 
took place ; but in those cases where the opposing affinities prepon- 
derated, decomposition was effectually resisted, and the current ceased 
to pass. 

(708) By increasing the intensity of the current, without, however, 
causing more Electricity to be evolved, solution of sulphate of soda, 
muriatic acid, nitrate of silver, fused nitre, and fused iodide and 
chloride of lead, were decomposed by a single pair. This increase in 
intensity was effected by adding a little nitric acid to tlic dilute sul- 
phuric’ acid with which the battery was charged ; and that this 
addition caused no increase in the quantity of Electricity was ren- 
dered evident from the fact, that mere wires of platinum and zinc 
evolved sufficient Electricity to decompose muriatic acid, which com- 
pound would not, however, yield to a large pair of plates excited by 
dilute sulphuric acid alone. 

(709) The source of the Electricity in the voltaic circuit is the 
chemical action which takes place between the metal and the body 
with which it combines. As volta-electro generation is a case of mere 
chemical action, so volta-electro decomposition is simply a case of the 
preponderance of one set of chemical affinities more powerful in 
their nature, over another set which are less powerful ; and tlie forces 
termed chemical affinity and Electricity are one and the same. It is 
the union of the zinc with the oxygen of the water, that determines 
the current in the common voltaic battery; and the quantity of 
Electricity is dependent on the quantity of zinc oxidized, and in ^a 
definite proportion to it. The intensity of the current is in propor- 
tion to the intensity of the chemical affinity of the zinc for the oxygen, 
under the circumstances, and is scarcely (if ever) affected by the use 
of either strong or weak acid. 

(710) Not chemical comhmation alone, but chemical decomposition 



THEOBT OE THE VOLTAIC PILE; PABADAT. 501 

also, is requisite to generate a current of Electricity: the simple 
union of oxygen with zinc will not produce Electricity. The oxygen 
must be in combination, and the compound of which it is an element 
must be an electrolyte, A pair of plates of zinc and platinum may 
be heated in an atmosphere of oxygen gas sufficiently high to cause 
rapid oxidation of the zinc, and yet a voltaic circle will not be formed, 
neither will any current be excited by immersing tl^e plates in liquid 
chlorine. Strong chemical action and high ignition are known to 
attend the combination of platinum and tin ; nevertheless, no deve- 
lopment of Electricity was found by Earaday to attend the union of 
these metals ; for, though a good conductor, and capable of exerting 
a chemical action on tin, platinum *is not an electrolyte, was not 
.decomposed, and therefore there was no Electricity. 

(711) When a fluid amalgam of potassium, containing not more 
than a hundredth of that metal, was put into pure water, and con- 
nected through the galvanometer with a plate of platinum in the 
same water, an electric current was determined from the amalgam, 
through the water, to the platinum ; so also, when a plate of clean 
lead and a plate of platinum were put into pure water, there was a 
current sufficiently intense to decompose iodide of potassium, pro- 
duced from tlie lead, througli the fluid, to the platinum. The Elec- 
tricity in both these cases must be referred solely to the oxidation of 
the metals, as in neither was there either acid or alkali present to 
combine with, or in any way act on, the body produced. 

(712) Although a piece of amalgamated zinc has not, when alone, 
power enough to take the oxygen and expel the hydrogen from water, 
it would appear that it has the power so far to act by its attraction 
for tlie oxygen of the particles in contact with it, as to pbice the 
similar forces already active between these and the other particles of 
oxygen, and the particles of hydrogen in the water, in a peculiar 
state of tension or polarity ; and probably also, at the same time, to 
throw those of its own particles which are in contact with the water, 
into a similar, but opposed state. Practically, this state of tension is 
best relieved by touching the zinc in the dilute acid wijh a metal 
having a less attraction for oxygen than the zinc ; the force of chemi- 
cal affinity is then transferred in a most extraordinary manner 
through the tw o metals, and il^ appears impossible to resist the idea, 
that the voltaic current must be preceded by a state of tension in the 
fluid, and betw'een the fluid and the zinc. Earaday endeavoured to 
make this state of tension in the electrolytic conductor evident by 
transmitting a ray of polarized light through it, but he did not 
succeed, either with solution of sulphate of soda or nitrate of lead. 

(713) By a series of beautiful experiments Eai'aday has shown 



502 


GALVAIrtO OE TOLTAIO ELECTEIOITT, 


that electrolytes can conduct a current of Electricity of an intensity 
too low to decompose them; and in the case of water, when the 
current is reduced in intensity below the point required for decom- 
position, then the degree of conduction is the same, whether sul- 
phuric acid or any other of the many bodies which can effect its 
transferring power as an electrolyte, are present or not ; or, in other 
words, that the necessary electrolytic intensity for water is the same, 
whether it be pure, or rendered a better conductor by the addition of 
these substances ; and that for currents of less intensity than this, 
the water, whether pure or acidulated, has equal conducting power. 
The following remarkable conclusion is also pointed out, viz., that 
when a voltaic current is produced, having a certain intensity, 
dependent upon the strength of the chemical affinities by which that 
current is excited, it can decompose a particular electrolyte without 
relation to the quantity of Electricity passed ; the intensity deciding 
whether the electrolyte shall give way or not ; and if this be con- 
firmed, circumstances may be so arranged that the same quantity of 
Electricity may pass in the same time^ in at the saine surface, into 
the same decomjyosing body in the same state, and yet differing in 
intensity, will decomfose in one case and not in the other : for, taking 
a source of too low an intensity to decompose, and ascertaining the 
quantity passed in a given time, it is easy to take another source, 
having a sufficient intensity, and reducing the quantity of Electricity 
from it, by the intervention of bad conductors, to the same propor- 
tion as the former current, and then all the conditions will be 
fulfilled which are required to produce the result desired. 

(714) What follows is exceedingly important. Erom the princi- 
ples of electrolytic action, it is evident that the quantity of Electricity 
in the current cannot be increased with the quantity of metal 
oxidized and dissolved at each new place of chemical action ; hence, in 
the compound voltaic battery, the action of the number of pairs of 
plates is only to urge forward that quantity of Electricity which is 
generated by the first pair in the series, and this is effected by the 
amount o^ decomposition of water and oxidation of zinc being equal 
in each cell. A. little consideration will render this evident ; for, if 
* we consider that by the decomposition of a certain quantity of water 
in the first cell a certain quantity of Electricity (equivalent to that 
associated with the water decomposed) is evolved, it is clear that, 
before this Electricity can pass through the second cell, an equal 
quantity must be decomposed, and this can only be effected by the 
oxidation of an equal weight of zinc : and so, for each succeeding cell, 
the electro-chemical equivalent of water must be decomposed in each 
before the current can pass through it ; and this theoretical deduction 
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Faraday has proved by direct experiment. Each cell, then, gives a 
fresh impulse to the Electricity generated in the first cell ; or, in 
other words, increases the intensity of the current ; and though we 
may not know what intensity really is, being ignorant of the real 
nature of Electricity itself, it is not diflicult to imagine that the 
degree of intensity at which a current of Electricity is evolved by a 
first voltaic element shall be increased when that current is sub- 
jected to the action of a second voltaic^ element, acting in conformity, 
and possessing equal power, with the first. 

(715) It is argued by Poggendorf (who published in his Amialen,” 
Jan. 1840, a most fprofound paper on the theory of the voltaic pile) 
that the electrolytic law is no proof of the chemical origin oT the 
Electricity of the voltaic apparatus, inasmuch as it is the property of 
all currents, voltaic, frictional, magnetic, theripal, and animal, to 
decompose on their passage through a series of difierent fluids, equi- 
valent quantities of each. But the greater part of this elaborate 
memoir is directed against that experiment on which so much gtress 
is laid by the supporiers of the chemical theory, in which, as we have 
seen, two strips, one of zinc and the other of platinum, are separated 
at their extremities, on the one side by sulphuric acid, and on the 
other side by a solution of iodide of potassium. An electric current 
then occurs in a direction which indicates the preponderance of the 
sulphuric acid circuit over that of the iodide of potassium. Now, in 
this experiment there h— first, the afiinity of the oxygen for the zinc ; 
and second, the affinity of iodine for the same metal ; both endeavour 
to excite a current, but that of the oxygen being the strongest, sets 
more Electricity in movement than that of the iodine ; the latter is, 
therefore, overpowered, and a current thus originates in the direction 
of the affinity of the oxygen, which, at the same time, since the two 
metals do not touch, is considered as affording a proof of the non- 
necessity of metallic contact to excite voltaic Electricity. 

(716) On this experiment the following remark is made by Pog- 
gendorf : “ The experiment is so remarkable, and the explanation 
given has in appearance so much plausibility, that it is not to be 
wondered at if the supporters of the chemical theory have regarded 
it as the main prop of their opinion. Upon the defenders of the 
contact theory, however, it made but little impression, probably from 
their believing that no. regard need be had to an isolated fad; speak- 
ing apparently in favour of the chemical theory, considering the 
numerous objections which may be urged against it. In general, 
they may have contented themselves v^ith this otherwise perfectly 
correct position, that one metal as soon as it is in contact with two 
fluids, can no longer be regarded as a single metal ^ so that in Fara- 
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day’s experiment that end of the zinc bar which touched the sul- 
phuric acid would be positive towards that which was moistened by 
the solution of iodide of potassium.” The German professor then 
details a vast number of experiments made with two metals and two 
fluids not in contact, and states the following as the main results : 
That the magnitude of the electro-motive force in general is altered^ 
sometimes increased^ sometimes diminished^ by any substances added to 
water, be it an electrolyte or^not, and, indeed {which should he well 
observed), increased for one metal combination, and diminished for 
another, by the same substance, added to the water in the same jpropor- 
tion. Nor has he been able to find that this force stands in direct 
ratid to the energy of the affinity between the positive metal and the 
negative constituent of the Jiuiif. It is weak in cases where this energy 
must be considered as strong, and, on the contrary, strong where but a 
weak affinity can be admitted, frequently, indeed, a current ori- 
ginates, and at times a powerful one, where, to judge from the affinity, 
not the slightest action should he expected. 

(717) As another result of his experiments, Poggendorf submits 
that the position that those bodies which, brought between the 
metallic elements of the voltaic pile render it active, are all electro- 
lytes,* must be thus altered, “ that the fluids between the metallic 
plates must, it is true, be electrolytes, i. e., decomposable bodies, 
since, at least with aqueous fluids and wdth a certain intensity ot‘ 
current, no conduction can take place without decomposition ; but 
that the electro-motive force which is developed on the contact of 
these fluids with the metals, is not in any necessary connection with 
the conductivity or decomposability, and can be increased or dimi- 
nished by bodies which are not electrolytes, i. e., not directly decom- 
posable.” 

(718) Professor Poggendorf is not satisfied with the passive part 
which the chemical theory assigns to the negative metal in v. voltaic 
combination. He thinks his experiments w’arrant the conclusion 
that it is essential to the generation of the current. If the negative 
metal in a circuit has merely to act a passive part, to perform merely 
the function of conducting, then the best conductor sliould produce 
the strongest current, or rather, the greatest electro-motive force ; and 
as copper is a better conductor of Electricity than platinum, a copper- 
zinc circuit ought to be more efficacious than a platinum-zinc circuit, 
which is contrary to fact. 

(719) With respect to the experiment with sulphuric? acid and 
iodide of potassium, the German electrician states that it is only at 
first and transitorily that the sulphuric acid has the ascendancy, and 

• Faraday’s Exp. Researches, 858, 921.’ 
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that subsequently, although unquestionably it attacks the zinc more 
violently than the iodide of potassium, it gives way to the latter salt : 
a fact he thinks conclusive against the chemical theory. The reason 
that Faraday obtained different results is to be accounted for from 
the sulphuric acid not being pure, bdt mixed with nitric acid, in 
which case it always maintains a high degree of superiority over 
iodide of potassium. The addition of the nitric acid, according to 
Faraday’s theory, increases the intensity without interfering with 
the quantity of the Electricity produced ; but if the *intenBity of 
a chemical action is to be measured by the quantity of metal dis- 
solved from a unity of surface in the unity of time, then if sulphuric 
and nifric acids be taken of such a degree of concentration that they 
both dissolve just the rfame quantity of a like zinc surface in the 
same time, there is, says the German professor, no reason why the 
nitric acid should enjoy any single advantage over the sulphuric acid, 
more particularly as both are non-electrolytes. Nevertheless, as 
nitric acM does devclope a greater degree of electro-motive force than 
sulphuric acid, the chemical theorists must suppose that the quality 
of tlie chemical action produces a specific difference in the excited 
Electricity ; but Poggendorf declares that he has convinced himself 
in the most positive manner, that the result of the addition of the 
nitric acid does d^ecidedly not arise from the chemical attach of this 
acid on the zinc^ hut solely from an action of it on the platinum. The 
acids were separated by animal membrane, a zinc (amalgamated) 
plate being immersed in the sulpliuric, and a platinum in the nitric 
acid ; the two other plates, zinc and platinum, standing in solution 
of iodide of potassium. The result was, that the separated acids not 
only excite an electro-motive force quite as great as the mixed, hut have 
a slight superiority over these : a fact, in the professor’s opinion, per- 
fectly destroying the chemical theory of galvanism. Finally, not 
only the cases examined in the memoir, but others in previous ones 
*1^ Fechner and others, are considered as proving in the most evident 
manner that the energy of the direct chemical attack of the fluid on 
positive metal does in no way stand in any connection with the 
intensity of the excited electromotive force ; and, on the other hand, 
is is not proved that the local action is ever converted into circulating, 
or weakened by it.* What has been advanced as such is founded on 
error. And lastly, it is urged that the decrease of the hydrogen at 
the zinc, which results on the closing of the circuit, does not happen 
from a transfer of this hydrogen to the negative metal, but simply 
from the oxygen being carried by the current to the zinc, and there 
combining with the hydrogen. 

* Faraday’s Exp. Researches, 996. 
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(720) The theories of voltaic Electricity have been examined with 
much attention by Professor De la Eive, of Geneva. The following 
is a brief abstract of an admirable memoir which he published in 
1828, entitled, Analysis of the drcumstancea which determine the 
direction and intensity qf the*electric cv/rreni in a voltaic ^pairP 

(721) Ist. He strongly contends that, insuring the absence of 
calorific and mechanical action, no Electricity can be developed in 
bodies, when they do not undergo chemical action. All the experi- 
ments that have hitherto been brought forward in opposition to this 
are unsatisfactory, owing to the very great difficulty of securing the 
absence of chemical action in their prosecution. Messrs. Pfafi* and 
Becquerel employed a condenser, of which one of the plaftes was 
copper and tlie other zinc, between which a communication was 
established by means of an insulated arc of copper : the plates were 
in vacuo, in hydrogen, or in azote carefully dried ; or the copper plate 
was gdt, and the zinc plate covered w'ith a thin coating of lac varnish. 
But De la Eive says, it can easily be shown, tliat in one «ase suffi- 
cient air (atmospheric) is always present to produce slight oxidation 
of the zinc ; and in the other, the coating of varnish is too thin to 
prevent oxidation, which took place through the pores the alcohol 
produced by evaporation. 

(722) But chemical action may be entirely excluded. Pairs oi 
platinum and rhodium, and pairs of platinum and gold, give no 
current in very pure nitric acid; nor do pairs of platinum and 
palladium in dilute sulphuric acid ; but a drop of hydrochloric acid 
in the one, or nitric acid in the other, immediately determines one. 
The following experiment was made : — 

Two plates of perfectly polished steel were immersed in a flask 
containing solution of potash: one was insulated, and the other 
metallically fixed by its extremity to a plate of platinum immersed in 
the same liquid : the two steel plates were fixed in a cork, the upper 
end of each passing into the air. In three years the immersed sur- 
faces had not lost any degree of polish ; yet, according to Yolta, the 
plate connected with the platinum ought to have been oxidated, par- 
ticularly, since potash is a good conductor of Electricity. The ends 
outside the cork were both oxidated — the associated plate by far the 
most so : hence it follows that oxidation must have commenced in 
order to the existence of an electric current. The current produced 
by this oxidation decomposes water, and, in consequence, determines 
a stronger oxidation on the steel plate connected with the platinum ; 
and this oxidation, in its turn, increases the energy of the current, 
and is thus both cause and eflect. 

(723) He says sufficient attention has not been paid to the forma- 
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tion of coatings of auboxide on the surfaces of metals, which some- 
times take place with great rapidity, and may be seen, by comparing 
the recently brightened surface of a metal with one that has for some 
time been exposed to the air. If a bright surface be rubbed with a 
cork, the metal is always negative ; but if the rubbing be deferred 
for a time, the metal is always positive, even in dry air. This is 
evidently occasioned by the formation of a coating of suboxide, which 
is removed by the rubbing substances, the friction afterwards taking 
place between the metal and its oxide, which causes the* former to be 
positive. Again, if a metal which has been brightened and allowed 
to remain for some time in dry air, be fixed to the negative pole of a 
battery, and a plate of platinum to the positive, and both immersed 
in dilute sulphuric acid, oxygen appears at the positive pole some 
seconds before the hydrogen shows itself at the negative, which 
sliows that the latter must have been employed in deoxidating the 
negative metal. 

(724) The experiment of Becquerel, of immersing pure oxide of 
manganese and platinum in pure water, is also unsatisfactory ; for 
the current is not perceptible for more than half an hour, during 
which time the Electricity due to chemical action (either from the 
slight deoxidation of the peroxide, or the formation of a hydrate) is 
accumulating ; here the platinum is positive. 

“All chemical action disengages Electricity; but the Electricity 
disengaged is not, in every case, nor under every form, proportional 
to the vivacity of the chemical action. Two principal circumstances 
may explain this anomaly; viz., the immediate recomposition in a 
larger or smaller proportion of the two Electricities, at the points at 
which they are separated by chemical action; and the particular 
nature of this action, which, according to the bodies between which it 
is exerted, gives rise to electric efiects more or less intense.’* 

(725) It is necessary here carefully to distinguish the Electricity 
'perceived from the Electricity jprod«ced; the latter must evidently be 
proportional to the extent of the chemical action ; that is, that in a 
given time it depends upon the number of chemical atoms which are 
combined, and consequently upon «11 the other circumstances which 
may have exerted an influence upon the number of these combina- 
tions (the extent of the surface exposed to chemical action, the 
vivacity of that action, &c.). The Electricity perceived, is a portion 
of the Electricity produced, a portion which depends on the relative 
< 5 onductibility of the bodies entering into the system in which the 
Electricity is propagated, upon the disposition of the different parts 
of the system, and upon the nature of the ftpparatus to be employed 
in showing the presence of the Electricity, ^fcc., circumstances which 
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all have an influence on the degree of facility with which the two 
electric principles follow some certain course, or become again im- 
mediately united to the same surface from which, by chemical action, 
they are separated. 

(72G) When a capsule of platinum, filled with sulphuric or diluted 
nitric acid, is placed upon the plate of a condenser, and a plate of 
zinc held in the fingers is immersed in it, a very feeble charge is 
given to the plate of the condenser, although the chemical action 
may have bden very lively : the reason is, not that there has not been 
an enormous disengagement of Electricity — a fact which may be 
proved by employing this Electricity in producing a current, — but, 
in this experiment, the negative Electricity developed in the zinc 
unites with the positive with much greater facility than it can pass 
through the fingers and the body of the experimenter in order to 
lose itself in the earth. There wiU, therefore, be only a very feeble 
positive tension, often scarcely any; but if the diluted acid is re- 
.placed by concentrated sulphuric acid, though the chemical action 
will be less lively, the electric tension will be much stronger, this 
acid being a very bad conductor, and the passage of the Electricity 
from the liquid to the metal immersed in it, being extremely difficult, 
the two Electricities uniting, on the surface attacked, in much 
smaller proportions : if, instead of a piece of metal, a piece of wood, 
rather moist, is immersed in the concentrated sulphuric acid, the 
positive tension acquired by the acid is still stronger. If a capsule, 
made of an oxidable metal, be employed, and after heating it, a few 
drops of a liquid capable of attacking it at that high temperature, in 
ever so small a degree (pure water is sufficient), be poured into it, a 
quantity of negative Electricity is developed, wffiich is sufficiently 
strong to be sensible without the assistance of the condenser, and 
even to give sparks. In this case, the drop of liquid injected into the 
heated capsule is converted into vapoiu while it is attacking the 
metal, and carries ofl* with it the positive Electricity which cannot 
then combine immediately with the negative Electricity left in the 
metal; but if even the smallest quantity of liquid remains in the 
capsule, unvaporized, *the immediate recomposition takes place, and 
only very feeble traces of negative Elect;'icity can be obtained. If 
the Electricity developed by the action of a gas, or by that exerted 
by a humid body, such as the hand or a piece of wood, upon the 
metal with which it is in contact, be often much stronger than the 
Electricity resulting from the much livelier action of a liquid, the 
reason is, that in the former case, the immediate recomposition of the 
two electric principles itf^almost null, in consequence of the imperfect 
conductibility of the exciting bodies, and that the Electricity pro- 
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duced is 'almost entirely perceived. There however, a slight re- 
composition ; for the negative tension of an insulated metal is sensibly 
augmented by giving a translatory motion to the gas which attacks 
its surface ; the consequence of which is, that the positive Electricity 
accumulated in the gas, being removed with it, cannot unite with the 
negative left in the metal. The principle of the immediate recom- 
position of the two Electricities applies also to the production of 
electric currents in a pair. In very lively chemical actions, the larger 
proportion of the Electricities developed often undergoes this recom- 
position ; a small part only runs through the whole circuit, especially 
if it be not a very good conductor, which is the reason that the 
strongest currents are not always those produced by the most lively 
chemical actions, and that in a pair, the metal most attacked is not 
always the 'positive one ; that is, the one whence the current com- 
mences. However, the latter case occurs only when each of the two 
metals of the pair are immersed in different liquids. A single example 
may be adduced : a plate of zinc is immersed in concentrated sul- 
phuric acid, and a plate of copper in nitric acid : the two acids are 
immediately in contact, and the two metallic plates communicate by 
means of the wire of a galvanometer, fn this pair the zinc is positive, 
though it is much less attacked than the copper, because the two 
Electricities developed by the actiotl of the sulphuric acid on the 
zinc, can be more easily reunited by making the tour of the circuit, 
than by passing from the sulphuric acid to the zinc, and reciprocally ; 
while, on the contrary, the two Electricities develo 2 )ed by the action 
of the nitric acid on the copper, reunite immediately with the greatest 
facility, in consequence of the conductibility of the nitric acid, and 
the ready passage of the Electricity from that acid to the copper ; 
while to make the circuit, they would be obliged to traverse the con- 
centrated sulphuric acid, which is a very imperfect conductor, and 
pass from the zinc to the acid — a very difficult passage. Two cir- 
cumstances prove the exactitude of this explanation ; 1. The same 
result is obtained in the preceding experiment by substituting a 
plate of zinc similar to that which is immersed in the sulphuric acid 
for the plate of copper immersed in the nitric acid. 2. If a capsule 
of platinum be put upon the plate of a condenser, and filled in suc- 
cession with nitric acid and concentrated sulphuric acid, and d plate 
of copper or zinc held between the fingers, be immersed in the former 
liquid, and a plate of zinc in the latter, a much stronger positive 
Electricity is obtained in Ae second case than in the first. 

(7^7) In applying these principles to the explanation of the theory 
of the voltaic pile, De la Eive remarks, that the use of the pile is to 
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facilitate the passage of the current through imperfect conductors, and 
not to increase the quantity of Electricity ; for the utmost that can be 
effected by a pile composed of a certain number ^of similar pairs is to 
compel all the Electricity produced by only one of its pairs, to pass 
through the conducting body which connects its poles. The only 
means of attaining this object is to separate the two metals of a pair 
by other pairs, as similar to the first as possible. These intermediate 
pairs, the number of which should correspond to the more or less im- 
perfect conductibility of the bodies interposed, will each produce as 
much Electricity as the extreme pairs. But these Electricities do not 
pass through the conductor^ they only compel the Electricities of the 
extreme pairs to pass through it almost in totality. 

(728) Let us see how this effect is produced. “We shall take a pile 
in activity, and suppose that all the pairs of which it is composed are 
so exactly similar in every respect that theiree Electricity on each of 
them has the same intensity. Let & be a pair in the pile taken at* 
hazard, and disposed in such a manner that its zinc is immersed in the 
same liquid as the copper of the pair a, which precedes it ; and its 
copper in the same liquid as the zinc of the pair e, which follows it. 
The chemical action of the liquA upon the zinc of the pair ft, devclopes 
in it a certain quantity of Electricity ; the portion of this Electricity, 
which does not undergo immediate recomposition, remains free, and 
the same for all the pairs, they being similar and symmetrically dis- 
posed with relation to each other. According to this, the positive 
Electricity of ft, developed by chemical action, in the liquid in which 
the copper of a is immersed, neutralizes the negative Electricity of 
this latter pair, which is equal to it. In the same manner, the nega- 
tive Electricity of ft, which by chemical action is carried to the zinc, 
and thence to the copper in contact with the zinc, neutralizes the 
positive Electricity of c, which also is perfectly equal to it. There 
remains, then, an excess of free positive Electricity in the liquid in 
which the zinc of a is immersed, and an excess of free negative 
Electricity, perfectly equal upon the copper of c. But these free 
Electricities are][neutralized by the equal and opposite Electricities of 
the following pairs, with regard to which we may reason in the same 
manner as for the pairs a, ft, c. Thence there results an excess of 
free positive Electricity at the extremity of the pile, at the side of a ; 
and an exactly equal excess of negative Electricity at the extremity, 
situated at the side of ft. , Such is found to be the fact, if a commu- 
nication be established between each of the^xtremities and an electro- 
scope : and if they be united by a conductor the two excesses of free 
Electricity are collected together and form the current. The intensity 
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of this current, as experiment has proved, ought to be perfectly equal 
to that of the current which is established in th^pile itself between 
all the pairs.** 

(729) M. de la Eive next proceeds to show how it happens, that 
though the quantity of free Electricity developed upon each pair of 
the pile be frequently not mathematically the same, yet the current 
which traverses a conductor, uniting the two extremities, is still 
mathematically equal to that which traverses each of the pairs. 

To establish this important result, instead of soldering the zinc and 
copper of the same pair to each other, an independent conductor 
must be fixed to each. By means of these two conductors, a metallic 
communication is established between the two metals of the pair by 
the intervention of one of the wires of a double galvanometer, the 
second wire of which serves as conductor to the current of a second 
pair of the same pile, or to effect a communication between the twopoles. 

(730) If these two currents are carefully made to pass in contrary 
directions in each of the wires of the galvanometer, their action oh 
the needle will be always found absolutely nuU, provided they are 
mathematical!}'' equal. This equality is easily explained. Take the 
most feeble pair in the pile ; let h be the pair ; the positive Electri- 
city disengaged by h cannot neutralize all the negative of a ; there 
will remain then, in the copper of an excess of negative Electricity, 
which will retain, by neutralizing it, an equal quantity of positive ; 
the result will be, that a, though much stronger than h, can only set 
at liberty a quantity of positive Electricity equal to that of h. It 
appears from this analysis, that the current of each pair, and conse- 
quently the current of the whole pile, should be equal to the current 
produced by the loeahest pair, Now experiment fully proves, that if 
a feeble pair is introduced into a pile composed of energetic pairs, 
the immediate result is a considerable diminution in the force of the 
current of the pile, and consequently of the current of each of the 
other pairs. But this reduction is never sufficient to render this 
current equal to that wdiich would be developed by the pair intro- 
duced in an insulated state. Indeed, any pair whatever necessarily 
produces a greater quantity of Electricity when it is in the circuit 
than when it is isolated. Erom these valuable remarks we see how 
necessary it is, in the construction of compound voltaic batteries, to 
prepare plates as similar as possible, both in size and quality of metal; 
for of how many pairs soever the arrangement may consist, and how 
perfect and alike soever all the other pairs may be, the introduction 
of one smaller or faulty pair will inevitably reduce the power of the 
battery to that which would result from an equal number of pairs of 
plates of the size and condition of the feeble pair. 
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(781) The same indefatigable electrician published also in 1836 
another essay, embo^ng a series of experimental arguments ag&inst 
the contact theory. This memoir was afterwards replied to by 
Pechner, in a paper published in Poggendorf’s Annalen,* entitled 
Justification of the Contact Theory.^* We shall give one or two 
extracts from each of these memoirs, more, however, with a view of 
exhibiting specimens of the profundity of tl^ught and skill thrown 
by both parties into the argument, than with an expectation of 
enabling any of our readers to form a conclusion respecting these 
hardly-contested theories. 

(732) Amongst other important experiments, quoted by De la Bive, 
is the following: A piece of potassium or sodium was fixed, in a 
solid manner, by one of its ends to a platinum forceps, while the 
other extremity was held by means of a wooden or ivory one. If, 
after having well brightened it, it is surrounded by very pure oil of 
naphtha, and the condenser be touched with the end of the platinum 
forceps, no electrical sign is observable ; while, if the naphtha oil is 
taken off, and none remain adhering to the metal, this is observed to 
oxidate rapidly by the contact of the air, and the Electricity indi- 
cated by the electroscope is of the most lively kind. The condenser 
is scarcely necessary to render it perceptible. If, sometimes, ^ome 
indications of Electricity are obtained when the potassium or sodium 
is on the oil of naphtha, then a small quantity of humidity has been 
introduced into the liquid, which had remained adhering to the sur- 
faces of the two metals, and which exercises on them a chemical 
action, which it is easy to recognise. Immersed in azote and in 
hydrogen, the two metals still give rise to a development of Electri- 
city, proceeding from the action exerted upon them, either by the 
gas or by the aqueous vapour, from which it is impossible entirely to 
free them ; and in -proof of this chemical action, w e see their surfaces 
lose their metallic brightness and become tarnished very much, as 
would have taken place in'the air. 

(733) By a variation in the method of performing this experi- 
ment, Eechner brings it forward as furnishing an argument against 
the chemical theory. If the potassium be brought into connection 
with the earth by means of moist wood, then powerful action is pro- 
duced in the petroleum, arising, according to the chemical theory, 
from the chemical action produced through the moisture, and, accord- 
ing to the contact theory, from the increased conducting power of the 
wood. If the. one-half of the bar of wood, which stood in connection 
with the potassium, was moistened, and the other half air-dried, then 
no effect was produced on the condenser, provided the dry half of 

• Vol. xiil p, 481. 



T^EOBY OE THE VOLTAIC PILE; PSOHBEB. 


513 


the wood was held in the hand ; and this was even the case if the 
potassium was moisteped with acidulated water during the contact, 
so that a violent chemical action took place, a proof that the non- 
conducting power of the dried wood is sufficient to explain the nega- 
tive result. 

A delicate electrometer was constructed to present the smallest 
possible surface : it consisted solely of a very thin and short brass 
wire, which, as the axis of a surrounding gum lac cylinder, traversed 
the perforated bottom of an inverted drinking-glass, and* from which, 
within the glass, was suspended, between the pole plates of a dry 
pile, a very small gold leaf, inches long, while the Electricity 
could be transferred tp the prominent end of the brass, without the 
glass. Into the potassium ball was inserted a thin platinum wire, as 
short as the convenience of transfer of the Electricity allowed, and 
the ball itself, for the purpose of increasing its surface, was pressed 
between two copper plates, which had been soaked in petroleum, as 
smooth as was possible, without cutting the potassium ball with the 
platinum wire. Thus, the entire electrometer might have been some- 
what about double the size of the surfaces of the potassium. The 
potassium disc, with the upwards-bent platinum wire proceeding 
•from it, was placed in a small glass, and covered with petroleum to 
about half an inch high, the platinum wire which projected from the 
petroleum, and which nowhere touched the glass, was discharged on 
to the electrometer, the glass being held in the hand. The divergence 
to the side which indicates the negative JSlectricitg followed in this 
case quite as constantly, evidently, and certainly, as if the potassium 
had been insulated in the air. It is true, observes Fechner, that 
when the potassium is brought from the air into the petroleum, the 
chemical action of the adhering moisture is shown by the^gas bubbles 
which rise from the liquid ; but 'this development of gas soon ceases, 
and, twenty-four hours after it had entirely disappeared, the elec- 
trical signs in the petroleum were of quite the same force as during 
the development of gas, and even in the air, so that any objection 
raised on the grounds of chemical action is valueless, and the experi- 
ment is entirely iH favour of the contact theory. 

(734) Some experiments are described by De la Eive, in which two 
similar plates of zinc are furnished with a brass knob soldered to 
each, the inner surface of one plate, and both .exterior and interior 
surfaces of the other, being covered with lac varnish. When these 
plates are made sometimes to stand in the place of the plates of a 
condenser, and sometimes using one of them and another brass plate, 
it was shown that when entirely protected from the action of the air 
by means of a layer of varnish, a plate of zinc does not become 

L L 
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electric in its contact with a brass knob, and, indeed, that it conducts 
itself as a homogeneous plate of brass ; for when the brass knob was 
touched with the copper element of a heterogeneous plate, the zinc of 
which was held in the hand, it became charged with negative Elec- 
tricity, though, according to the contact, theory all kind of action 
should have been neutralized, from the opposition of two pairs of 
plates perfectly similar. 

(735) These experiments were repeated by Eechner with contrary 
results. H6 states, that in order to lay aside the objection which 
perhaps might be raised respecting the chemical action of the air 
upon the copper knob, he fixed a platinum wire to it, and then 
varnished the whole over so as to have the platinum alone exposed. 
Nevertheless, when the platinum was touched with the finger or with 
a slip of paper moistened in distilled water, the zinc condensers 
became quite as well charged with positive Electricity as if it had 
not been varnished. Becquerel and Peltier arrived at similar results ;* 
and PfafT, who states that he repeated De la Rive’s experiments quite 
in accordance with his own statement, always observed the same 
action of the zinc condensers with as without varnish. 

(736) The following experiment is produced by Fechner as an 
exjperimentum crucia against the chemical theory. Ten pairs of zinc 
and copper, in every respect as equal to one another as possible, were 
arranged into a ‘‘couronne des taeses,” so that half of the said pairs 
produced a current opposite in its direction to that which was 
originated by the other half. The exciting fluid used was common 
water. Such an arrangement being connected with the galvanometer 
can, according to either of the two theories, have no effect upon the 
needle, provided everything in the two systems of cells be equal ; 
muriatic aq|^ was then put into one of the systems, and it was found 
that in these circumstances the previous equilibrium was in the first 
instance maintained, but that by degrees the current of the water 
cells got the ascendancy over the acid system. “ According to the 
contact theory,” says Fechner, “ the explanation of this experiment 
is easy.” The addition of muriatic acid increases the action only by 
diminishing the opposition to the conduction present in the circuit, 
and this diminution is of as great advantage to the Electricity (which 
is developed by contact in the cells without acid) in its entire circu- 
lation throughout the circuit, as to the Electricity of the pairs of 
plates which are in the very acid fluid. “ How the result is to be 
explained according to the chemical theory, I cannot conceive.” 

(737) We think, however, that Schoenbein has given a very satis- 


* Traite d’Electricitd, il p. 139. 
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factory explanation of this experiment on the chemical principle. 
From the results of various experiments, it appeared that only in a 
few instances the chemical difference of the exciting fluids contained 
in the two systems of cells determines a difference of currents 
produced by the two sets of pairs, and that the general rule is the 
production of current equilibrium. Now it had been established by 
De la Eive that the electricities which are set free by chemical 
action at the two ends of a closed compound circle, unite themselves 
in two ways : one of which is the pile itself the other the conductor 
placed between the poles — the quantities*of Electricity recombining 
within each of the two conducting mediums depending upon the 
peculiar degree of conducting power in each. If in the case in 
question we consider the acid cells as originating the current and the 
water cells merely as the medium placed between the poles, it is 
evident that by far the larger portion of the Electricity developed 
must be re-united within the pile, and only a small quantity pass 
through the water cells and through the galvanometer ; but as we 
know that the water cells also give rise to a current, which, on account 
of the peculiarity of the arrangement, would be in direction opposite 
to that excited by the acid cells, it appears from the fact of equi- 
librium usually taking place, that both currents are generally equal 
to one another. If ten voltaic pairs be taken, half of them being put 
into water cells, and the other half into acid ones, and arranged in 
the usual way, a current is produced much weaker than that which 
is obtained from five pairs alone placed within the acid fluid. Why 
(•the contact theorist may ask) should this be?— r-the extent of 
chemical action in the whole arrangement must be greater than that 
of only a part ! — how then does it happen that the voltaic effect of 
ten pairs is smaller than that produced by five P*"* The answer to 
this question is too obvious to require further consideration. 

(738) The celebrated papers of Faraday on the theory of the voltaic 
pile were read before the Eoyal Society in February and March, 184iO. 
We shall attempt a brief analysis of these memoirs, as they form the 
most powerful series of experimental arguments that have hitherto 
been brought together against the contact theory, and are considered 
by the great majority of electricians, in this country at least, as quite 
unanswerable. 

In the arrangement shown in Fig. 251, the glasses D E are 
filled with solution of sulphuret of potassium ; P, I, in D, are plates 
of platinum and iron ; and P, P, in E, plates of platinum ; G- is a 
galvanometer. Here it will be observed that there are three metallic 

* See alfio, in relation to this subject, the experiments with the water battery. 
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Fig. 251. 



contacts of platinum and iron, viz., at cOy a, and 1) ; with certain 
precautions no current passed, though heating either of the junctions 
at a, hy or Xy caused a thermo-current deflecting the galvanometer 
from 30® to 50° ; and when the tongue or a wet finger was applied at 
either of the junctions, a strong current passed : contact of platinum 
and iron therefore in this case produced nothing. Zinc, gold, silver, 
potassium, and copper, introduced at Xy produced no current ; so no 
electromotive force exists between these metals and platinum and 
iron. Various other combinations of metals were tried with similar 
negative results. In green nitrous acid, iron and platinum produced 
no current ; neither did it in solution of potassium. Now, accordii>g 
to the contact theory, the contact eftects between metals and liquids, 
so far from being balanced, give rise to the phenomena of the pile : it 
cannot, therefore, be supposed that in the above cases the efiects 
are balanced without straining the point in a most unphilosophical 
manner. According to the chemical theory, however, the facts admit 
of very simple explanation : where there is no chemical action there 
is no current, and a single^ experiment shows the operator what he is 
to expect. The contact theory cannot explain why, substituting 
zinc for iroUy a powerful current should be produced in sulphuret of 
potassium with platinum ; but the chemical theory at once recognizes 
a chemical action on the zinc, and the same is the case with copper, 
silver, tin, &c. Many circuits of three substances, all being con- 
ductors, were next tried, but without establishing anything like 
electromotive force. 

(739) To account for the current of the voltaic pile, distinct and 
important cases ought to be brought forward, and not a case where 
the current is infinitesimally small. To account for the phenomena 
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obtained with suli)huret of potassium^he contact force must be sup- 
posed to be balanced in some cases Aud platinum), and not in 
others (lead and platinum) ; in the latter case, the current ceases 
when a film of sulphuret has been formed by the chemical action, 
though the circuit be a good conductor. The case, therefore, will 
stand thus : — 


Iron 


Lead 


Lead 


I with a film 
of suli)hurct 
a good con- 
ductor 


platinum . sulphuret of potassium 
platinum. . sulphuret of potassium 


Electromotive forces 
balanced. 

Electiromotive forces 
910 ^ balanced. 


platinum 


sulph. potas. 


i Electromotive forces 
balanced. 


Nothing, therefore, can be predicted by the contact theory regard- 
ing results. 

(740) Some active circles excited by the sulphuret of potassium 
arc next examined. Tin and platinum produced a strong current, 
tin being ;plus ; after a time tlie needle returned to 0, the tin 
becoming invested with a non-conducting sulphuret. The current 
here could not have been produced by the contact force of the 
sulphuret, because it happens to be a non-conductor. 

Lead and platinum produced a strong current which ceased when 
the lead became invested with sulphuret ; nevertheless, though che- 
mical action ceased, and, therefore, no current was called forth, the 
arrangement conducted a feeble thermo-’Current exceedingly well, the 
sulphuret of lead heing a conductor : this was an excellent case in 
point. Lead and gold, lead and palladium, lead and iron, gave 
similar results. 

Bismuth with platinum, gold, or palladium, gave active circles, the 
bismuth being plus ; in less than half an hour the current ceased 
though the circuit was still an excellent conductor of thermo-cur- 
rents. Bismuth with iron, nickel, or lead, produced similar results. 
Copper, associated with any metal chemically inactive in the solution 
of sulphuret gave a current, which did not come to a close as in the 
former cases, and for this reason, the sulphuret of copper does not 
adhere to the metal, but falls from it in scales, exposing a fresh sur- 
face to the action of the sulphuret of potassium. Antimony, plati- 
num, and sulphuret of potassium, produced a powerful and perma- 
nent current, but the sulphuret of antimony does not adhere to this 
metal, which sufficiently explains the phenomenon, showing it to be 
dependent on chemical action. Sulphuret of antimony is not a con- 
ductor. Silver acts like copper ; the current is continuous, and the 
sulphuret of silver separates from the metal. Sulphuret of silver is 
a non-conductor. Zinc also gives a permanent current, but sulphuret 
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of zinc is soluble in sulphuret of potassium. Now, suipburet of zinc 
is a non-conductor ; bow then, in tbis case, can tbe current be pro- 
duced by contact ? All tbe phenomena with suipburet of potassium 
are decidedly unfavourable to tbe contact theory ; with tin and cad- 
mium, it gives an impermeable non-conducting body ; with lead and 
bismuth, an impermeable conducting body ; with antimony and silver, 
it produces a permeable non-conducting body; with copper, a per- 
meable conducting body; and with zinc, a soluble non-conducting 
body. The chemical action and its resulting current are perfectly 
consistent with all these variations ; but the phenomena can only be 
explained on the contact theory by making special assumptions to 
suit each particular case. 

(741) A series of experiments was then made with different 
metals in solutions unequally heated, and the results were considered 
as affording striking proofs of the dependence of the current on 
chemical action, according perfectly with the known influence of 
heat, and not cognizable by the theory of contact without fresh 
assumptions being added to those already composing it. The elec- 
tric current appeared to be determined, not by the amoimt of che- 
mical action which takes place, but by the intensities of the affinities 
concerned ; and the intensity of currents is exactly proportional to 
the degree of affinity which reigns between the particles, the com- 
bination or separation of which produces the currents. 

(742) The efiect of dilution is next examined. In Fig. 252, the 

Fig. 252. below m is strong acid, and that above diluted, 

y l the wires being platinum, and the fluid nitric acid ; 

» drawing the end of the wire B upwards above tn, or 
j depressing it from above m downwards, caused great 
changes in the galvanometer. The wires, silver, 

, iron, lead, tin, cadmium, and zinc, being compared, 
it was found that the metal in the weaker acid was 
jpltis to that in the stronger. The fluids being 
strong and dilute muriatic acid, and the metals silver, copper, lead, 
tin, cadmium, and zinc, being compared, the metal in the strongest 
acid was plus, and the current in most cases powerful. The fluids 
being strong and dilute solution of caustic potash, with iron, copper, 
lead, tin, cadmium, and zinc, the metal in the strong solution was 
positive. Cases occurred also in which metals in acids of a certain 
strength were negative to the same metals in the same acid, either 
stronger or weaker. 

Iron and silver being in the tube C D, Fig. 253, whichever metal 
was in weak acid was positive to the other in the strong acid ; it was 
merely requisite to raise the one and lower the other metal to make 



THBOBT OT THE TOLTAIO PILE ; TAEABAT. 


619 


either positive at pleasure. Of the metals, silver, 
copper, iron, lead, and tin, any one can be made 
positive or negative to any other, with the exception 
of silver positive to copper ; and such are the won- 
derful changes that may be brought about by the 
mere effect of dilution, that the order of these 
metals may be varied in a hundred different ways 
by the mere effect of dilution. 

(743) The same metals in the same acid of the same ’strength, at 
the two sides, may be made to change their order thus : — Copper 
and nickel being put into strong nitric acid, the copper will be 
positive ; in dilute acid the nickel will be positive. Zinc and cad- 
mium, in strong acid : the cadmium will be positive ; in dilute acid, 
the zinc strongly positive. An effective battery may be constructed 
by employing only one metal and one fluid ; thus, if th^ parts of 
the tubes at a, Fig. 254, contain strong nitric or sulphuric acid, and 


Fig. 254. 



Fig. 253. 



tlie parts at 5, diluted acid of the same kind, then, by connecting 
these tubes by wires, rods, or plates, (c) of one metal only, such as 
copper, iron, silver, tin, lead, or any of those metals which become 
positive and negative by difference of dilution in the acid, we have a 
voltaic arrangement. 

(744) Where chemical action has heen, hut diminishes or ceases, the 
electric current dimi/nishes or ceases also. If a piece of tin be put 
into strong nitric acid, it will generally exert no action in conse- 
quence of the film of oxide which is on its surface ; and if two plati- 
num wires, connected with a galvanometer, be put into the acid, and 
one of them pressed against the tin, no current will be produced. If 
now the metal be scratched under the acid, so as to expose a clean 
surface of metal, chemical action talces place, and a current is pro- 
du^ced; but this is only for a moment, for oxide of tin is soon 
formed, chemical action ceases, and the current wdth it. 

(745) When chemical action changes, the current changes also. If 
copper and silver be associated in dilute solution of sulphuret of 
potassium, the copper will be chemically active and positive,, and the 
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Fig. 256. 



silver will remain clean until of a sudden the copper will cease to 
act, and the silver will become instantly covered with sulphuret, 
showing by that, the commencement of chemical action there ; and 
the needle of the galvanometer will jump through 180®. 

(746) Where no chemical action occurs, no cwrrent is produced ; 
hut a current will occur the moment chemical action commences. This 

is well illustrated by the following 
experiment: In Tig. 255, let both 
tubes be filled with the same pure, 
pale, strong nitric acid, and the two 
platinum wires p p, being connected 
by a galvanometer, and the wire i, 
of iron, no current is produced; 
now, let a drop of water be put in 
at h, and stir the water and acid 
together by means of the end of the wire i, chemical action com- 
mences, nitrous gas is evolved, and the iron wire acquires a positive 
condition at h, producing a powerful current. 

(747) When the chemical action which either has, or could have 
produced a current in one direction, is reverse^ or undone, the current 
is reversed or undone also. It was shown by Yolta, in 1802, that 
crystallized oxide of manganese was highly negative to zinc and 
similar metals, giving, according to his theory. Electricity to the zinc 
at the point of contact. In 1833, Becquerel examined this subjeot, 
and thought the facts favourable to the theory of contact. Accord- 
ing, however, to De la Eive, the peroxide is at the time undergoing 

-chemical change and losing oxygen, — a change perfectly in accordance 
with the direction of the current it produces. Peroxide of manganese 
associated with platinum in green nitrous acid, originates a. current, 
and is minus to the platinum ; but a chemical action is going on, the 
peroxide giving up oxygen, and converting the nitrous into nitric 
acid. Peroxide of lead produces similar phenomena in solution of 
common salt, and in potash it is minus to platinum ; but direct ex- 
periments show that there is sufficient chemical action to account 


for the effects. 

(748) Paraday concludes his elaborate defence of the chemical 
theory of galvanism, with the following remarks on the improbable 
nature of the assumed contact force : ‘‘ It is assumed that where 
two dissimilar metals touch, the dissimilar particles act on each 
other, and induce opposite states ; that the particles can discharge 
these states one to tho other, and yet remain unchanged ; and that 
while thus plus and mimus, they can discharge to particles of like 
matter with themselves, and so produce a current. But if the acting 
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particles are not changed, it should follow, that the force which 
causes them to assume a certain state in respect to each other, is 
unable to make them retain that state, thus denying the equality be- 
tween cause and effect. If a particle of platinum by contact with a 
particle of zinc willingly gives off its own Electricity to the zinc, 
because this, by its presence, tends to make the platinum assume a 
negative state, why should the particle of platinum take Electrimty 
from any other particle of platinum behind it, since that would only 
tend to destroy the very state which the zinc had just forced it into ? 
This is quite contrary to common induction ; for there a ball, ren- 
dered negative, not only will not take Electricity from surrounding 
bodies, but if we force Electricity into it, it wiU, as it were, be 
red hack again wth a power equal to that of the inducing body. Or, 
if it be supposed that the zinc particle, by its inductive action, tends 
to make the platinum particle positive, and the latter, being in con- 
nexion with the earth by other platinum particles, calls upon them 
for Electricity, and so acquires a positive state, why should it dis- 
charge that state to the zinc — ^the very substance which, making the 
platiiinni assume that condition, ought, of course, to be able to sus- 
tain it ? Or why should not Electricity go from the platinum to the 
•zincy w liicb is as much in contact with it as its neighbouring plati- 
num particles arc? Or if the zinc particle, in contact with the 
platinum particle, tends to become positive, why does not Electricity 
flow to it from the zinc particles behind, as weU as from the plati- 
num ? There is no sufficient, probable, or philosophic cause assigned 
for the assumed action, or reason given why one or other of the con- 
sequent eflects above-mentioned should not take place. The contact 
theory assumes, that a force which is able to overcome powerful 
resistance, can arise out of nothing : that without any change in the 
ac^ting matter, or the consumption of any generating force, a current 
can be produced, which shall go on for ever against a constant resist- 
ance, or only be stopped as in the voltaic trough, by the ruins which 
its exertions have heaped upon its own course. The chemical theory, 
on the other band, sets out with a power, the existence of which is 
pre-proved, and then follows its variations, rarely assuming anything 
which is not supported by some corresponding simple chemical fact. 
The contact theory sets out with an assumption to which it adds 
others, as the cases require, until at last the contact force, instead of 
l.'eing the firm unchangeable thing at first supposed by Volta, is as 
variable as chemical force itself. Were it otherwise than it is, and 
were the contact theory true, then the equality of cause and effect 
must be denied. Then would perpetual motion also be true ; and it 
would not be difficult, upon the first given case of an electric current 
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by contact alone, to produce an electro-magnetic arrangement, which, 
as to its principle, would go on producing mechanical effects for 
ever.** 

• (749) It would be difficult to give a satisfactory explanation of 
the theory of Mr. Q-rove’s gaseous voltaic battery, on the contact 
hypothesis. Where,** says its ingenious author, “ is the contact, if 
not everywhere ? Is it at the points of junction of the liquid, gas, 
and platinum? If so, it is there that the chemical action takes 
place; and as contact is always necessary for chemical action, all 
chemistry may be referred to contact ; or, upon the theory of a uni- 
versal plenum, aU natural phenomena may be referred to it. Contact 
may be necessary ; but how can it stand in the relation of a cause, 
or of a force ?** In the opinion of Mr. drove, the most interesting 
effect of this extraordinary battery is the fact which it establishes, 
that gases in combining and acquiring a liquid form, evolve sufficient 
force to decompose a similar liquid, and cause it to acquire a gaseous 
form ; for it has been proved, that the gases evolved at the electrodes 
are exactly equal to the quantity absorbed in each pair of tubes. 
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BY HENRY M. NOAD, Ph.D., 

AUTHOR OF ‘‘chemical MANIPULATION AND ANALYSIS,” ETC. 


“ A work much called for by the progress which has been made during 
the last few years in this interesting branch of science. The illustrations 
and diagrams explanatory of the different experiments, give the reader the 
advantage he would receive from ocular demonstration in the lecture-room. 
The phenomena attendant upon thunder-storms are better explained than 
in any elementary work with which we arc acquainted. We Wve seldom 
risen from the perusal of any work of science with more satisfaction.” — 
Lo'ndon Polytechnic Magazine^ Edited by Thomas Stone, M.D. 

“ Under the general title of ‘ Lectures on Electricity,* this work embraces 
every branch of science which has risen out of, and is Aore or less identified 
with, electrical phenomena. The aim of the author has been to give a 
fjuccinct and popular exposition of all the leading facts on these subjects 
known at the date of publication, and in this he has, in our judgment, been 
eminently successful. We know of no other volume to which an inquirer 
can refer for the best and latest information on any of the topics indicated 
in the title, with so much certainty of finding it.” — Mechanics' Magazine, 

“ The rapid strides recently made by the science of Electricity, with its 
correlative sciences, electro-magnetism and galvanism, have rendered it 
difficult for those not actually engaged in its study to keep pace with the 
progress of discovery ; and a work which should comprise all that is known 
on the subject up to the present time, has long been wanted. The ‘ Lectures 
on Electricity,’ by Dr. Noad, which have just been published by Mr, Knight, 
appear to supply this deficiency. Dr. Noad traces the progress of the 
science from its earliest development to its latest discoveries, in a clear and 
comprehensive manner, without perplexing the student by theoretical dis- 
putations. We recommend it as a work that supplies, and very efficiently, 
a vacuity that has for some time existed in scientific literature.”— 

“A much enlarged edition, so completely revised that it may be con- 
sidered a new work ; it is an able and popular compilation on a subject of 
increasing interest, and very fully illustrated with woodcuts.” — Atheneevm. 

“ This is a volume which was much required, and it will be welcomed by 
every one anxious for the promotion of science. Dr. Noad has fulfilled a 
task of great difficulty, with the highest credit to himself ; he has carefully 
Rested the vast accumulation of facts which the labours of so many 
philosophic minds have observed, and has not only rendered them intel- 
Hgible to humbler capacities, but has so arranged them as to induce the 
student, from the agreeable form in which he has placed them, to pursue 
inquiries, which are as wonderful as they are attractive. It was a task of 
no small difficulty, to bring within the compass of a single volume the most 
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important facts which arc now embraced under the various departments of 
galvanism, magnetism, electro-magnetism, magneto-, and thenno-Electrieity ; 
and to give the experiments and researches which have filled so many 
works, in so brief yet so lucid a manner. We reciomrnend it strongly to 
every one who feels a desire to become familiar with Electricity.” — 
lUmtrated Polytechnic Review. 

The new edition of Dr. Noad’s book is a very great improvement upon 
the former ; it is evident that Dr. Noad has made the best use of his time 
in the interim, and he now gives to the public a volume which is really a 
valuable compilation of the principal researclies in electricity.” — lAt^rary 
Gazette. 

“A work wherein the principles and laws of Electricity are clearly 
explained and fully developed, and by which an ac(piaintance with this 
science is placed within the reach of the most ordimiry capaciiy ; such is 
the book before us, which amplitude of d 'tail, clearness of detinition, easy 
diction, and avoidance of too abstruse tcchuicalifcy, comhiue to render coin - 
prehonsible as well as useful.” — Che/nl'if. 

^ These Lectures arc written with much perspicuity, vigour, and correct- 
ness, and the illustrations apt and familiar ; it is a much needed, admirably 
designed, and carefully cxccutod volume, and we can unhesitatingly 
characterize it as orui of the nio^t excellent text-books that liave issued from 
our London press.” — BvIUh/i FrLc,id oi hid\i and Indian llenew, 

“Tlie work before^ us is a new' and greatly enlarged edition of the pre- 
viously published Lectures of tlic author, with a large accuimilntion of 
valuable facts from all the mo.st important works (*u the subject, so ari auged 
as to give a popular viev/ of this mi/st interesting science. The autlior has 
done ample justice to the suljcct. The Lectures are all jirrangod in a con 
venient numV>er of paragraphs, a plan which gn'atly facilitates referonct'. 
The first lecture commences wutli an historical sketcli of Electricity, and 
proceeds in an elementary manner through all the gradations of Eh'ctricity 
— atmospheric and voltaic, — magnetism and electro-magnetism, eoncluduvg 
with magneto-, and thermo-Elcctricity. The experime'uts are illustrated by 
nearly throe hundred woodcuts, and from che easy des(?ription of their per- 
formance the work is most valuable for the student and amateur, wliile it 
forms a most convenient text-book for the man of science .” — Mininy 
Journal. 

“Let our readers imagine magnetism, electro-magnotism, and magneto-, 
and thormo-Electricity, ocpially well enriched with new things as well as 
with the good old standard facts that have borne the test of time, and they 
have the general character which pervad js the wdiole .” — ELeclrkal Mayazbu-. 

“This is a most complete treatise, which does very great credit to the 
scientific acquirements and to the ]>erseverance of the author. The addi- 
tions which have been made to our knowlego of Electricity during tlie last 
few years, have been so varied and important, that Dr. Noad’s attemj)t to 
analyze the whole must have been a most arduous one, one which for its 
accomplishment required all the talent and information he undoubtedly 
possesses .” — The Lancet. 

“ To those of our readers who wish for infonnation on the interesting 
subject of Electrical phenomena, wo would refer to Dr. TI. M. Noad’s 
valuable ‘Lectures on Electricity, Galvanism, tfec.,’ which work contains the 
latest discoveries in these interesting and useful departments of natural 
philosophy .” — Liverpool Chronicle. 
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(750) Although the attractive power of the loadstone — (a ferrugi- 
nous mineral first discovered in the province of Magnesia in Lydia) — 
appears to have been known among the nations of the west in times of 
very remote antiquity, and its properties studied even during the Dark 
Ages, yet its directive power, and that of a needle touched or rubbed 
with it, was know n exclusively to the Chinese. More than a thousand 
years before our era,* at the obscurely known epoch of Codrus, and 
the return of the Heraclides to the Peloponnesus, these people 
employed magnetic cars, on 'wdiich the figure of a man, whose move- 
able outstretched arm pointed always to the south, guided them on 
their way across the vast grassy plains of Tartary ; and in fjjie third 
century of our era, at least seven hundred years before the introduc- 
tion of the compass in the European seas, Chinese vessels navigated 
the Indian ocean with needles pointing to the south. 

(751) A Neapolitan named Elavio Gioia, who lived in the thirteenth 
century, has been regarded by many as the inventor of the compass. 
Dr. Gilbert affirms that Paulus Yenetus brought the compass from 
China to Italy in 11^60 ; and Ludi Yestomannus asserts, that about 
1500, he saw a pilot in the East Indies, direct his course by a mag- 
netic needle like those now in use. The variation of the needle was 
discovered two hundred years before the time of Columbus ; but the 
variation of the variation^ that is, the fact that the variation was not 
a constant quantity, but varied in different latitudes, was first noticed 
by the discoverer of America, as appears from the following extract 
from Irving’s “ Life and Yoyages of Columbus,” (vol. i, p. 201 ): “ On 

* Humboldt’s Cosmos.” 
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the 13tb of September, 1492, he perceived about night-fall that the 
needle, instead of pointing to the north-star, varied about ^ a 
point, or between 5 and 6°, to the north-west, and still more on 
the following morning. Struck with this circumstance, he observed 
it attentively for three days, and found that the variation increased 
as he advanced. He at first made no mention of this phenomenon, 
knowing how ready his people were to take alarm; but it soon 
attracted the attention of the pilots, and filled them with conster- 
nation. It seemed as if the laws of nature were changing as they 
advanced, and that they were entering into another world, subject to 
unknown infiuences. They apprehended that the compass was about 
to lose its mysterious virtues ; and without this guide, what was to 
become of them in a vast and trackless ocean ? Columbus tasked his 
science and ingenuity for reasons with which to allay their terrors. 
He told them that the direction of the needle was not to the polar 
star, but to some fixed and invisible point. The variation was not 
caused by any failing in the compass, but by the movement of the 
North star itself, which, like the other heavenly bodies, had its changes 
and revolutions, and every day described a circle round the pole. 
The high opinion that the pilots entertained of Columbus, as a pro- 
found astronomer, gave weight to his theory, and their alarm 
subsided.’* 

(752) That ferruginous substances always possess a greater or less 
degree of Magnetism, has long been known. Ojie Julius CsDsar, a 
surgeon of Rimini, is said to have first observed the conversion of iron 
into a magnet. In 1590, he noticed this effect on a bar of iron, which 
had supported a piece of brick w ork, on the top of a tow^er of the 
church of St, Augustin. Tim very same fact was observed about 
1630, by Gassendi, on the cross of the church of St. John, at Aix, 
which had fallen down in consequence of having been struck wdth 
lightning. He found the foot of it wasted with rust, and possessing 
all the properties of a loadstone. 

(753) In the year 1600, Dr. Gilbert, of Colchester, published a 
work, entitled “ Physiologia Nova, sen Tractatus de Magneti et 
Corporibus Magneticis,” which contains almost everything concerning 
Magnetism, which was know n during the two following centuries. 
He regarded the earth as acting on a magnetized bar, and upon iron, 
like a magnet, the directive power of the needle being produced by 
the action of Magnetism of a contrary kind to that which exists at 
the extremity of the needle directed towards the pole of the globe. 
He gave the name of pole to the extremities of the needle, which 
pointed towards the poles of the earth, conformably to his views of 
terrestial Magnetism ; calling the extremity that pointed towards the 
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iiortb, the south pole of the needle, and that which pointed to the 
south, the north pole. 

(754) Newton, Huygens, and Hooke, with some of the other philo- 
sophers who flourished about the end of the seventeenth century, 
were occupied to a certain extent with the subject of Magnetism. 
Some of their observations and discoveries are referred to in a manu- 
script volume of notes and commentaries, written by David Gregory, 
in 1693, in a copy of Newton’s Prineipia,” and used by Newton in 
improving his second edition. Newton had supposed that the law of 
magnetic action approaches to the inverse triplicate ratio of the dis- 
tance ; but Gregory did not adopt this opinion, and invalidates the 
arguments that were used in its support. 

(755) In 1683 Dr. Edmund Halley published his theory of Mag- 
netism. He regarded the earth’s Magnetism as caused by four poles of 
attraction, two of them near each pole of the earth ; and he supposes, 
“ that in tliose parts of the w^orld that lie nearly adjacent to any one 
of these magnetic poles, the needle is governed thereby, the nearest 
pole being always ])redominant over that more remote.” He supposes 
that the magnetic pole, which w^as, in his time, nearest Britain, was 
situated near the meridian of the Land’s End, and not above 7® Srom 
the north pole ; the other north magnetic pole being in the meridian 
of California, and about 15® from the north pole of the earth. He 
placed one of the two south poles about 16® from the south pole of 
the globe, and 95"' west from London ; and the other, or the most 
powerful of the four, about 20" from tlie south pole, and 120® east of 
Jjondon. 

(756) In order to account' for the change in the variation. Dr. 
Halley, some years afterwards, added to these reasonable suppositions 
the very extraordinary one, that our globe was a hollow shell, and that 
wdthin it a solid globe revolved, in nearly the same time as the outer 
one, and about the same centre of gravity, and with a fluid medium 
between them. To tins inner globe he assigned two magnetic poles, 
and to the outer one, other two : and he conceived the change in the 
variation of the needle to be caused by a want of coincidence in the 
times of rotation of the inner globe and the external shell. “ Now 
supposing,” says he, such an external sphere, having such a motion, 
we may solve the tw’o great difficulties in every former hypothesis : 
for, if this exterior shell of the earth be a magnet, having its poles at 
a distance from the poles of diurnal rotation, and if the intern^ 
nucleus be likewise a magnet, having its poles in two other places, 
distant also from its axis, and these latter, by a gradusd and slow 
motion, change their places in respect of the external, vre may then 
give a reasonable account of the four magnetic poles, as also of the 
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changes of the needle’s variation.” Prom some reasons, which Dr. 
Halley then states, he concludes ** that the tw^o poles of the external 
globe are fixed in the earth ; and that if the needle were wholly 
governed by them, the variation w’ould be always the same, with some 
little irregularities ; but the internal sphere, having such a gradual 
translation of its poles, influences the needle, and directs it variously, 
according to the result of the attractive and directive powder of 
each pole, and consequently there must be a period of revo- 
lution of this internal ball, after which the variation will return as 
before.” 

(757) Mr. Grraham, a celebrated mathematical iiistrument-maher, in 
London, discovered in 1722, the daily variation of the needle. While 
the needle was advancing by a gradual motion to tlie westward, IM r. 
Graham found that its north extremity moved westward during the 
early part of the da}^ and rotunied again in the evening to the east- 
ward, to the same position which it occupied in the morning, remaining 
nearly stationary during the night. Mr. Graham at first, ascribed 
these changes to defects in the form of his needles ; but, by numerous 
andfareful observations, repeated under every variation of the weather, 
and of the heat and pressiure of the atmosphere, he concluded that 
the daily variation was a regular phenomenon of which he could not 
find the cause. It was generally a maximum, between 10 o’clock 
A.M., and 4 o’clock p.m. ; and a minimum, between G and 7 o’clock 
P.M. Between the 6th of February, and the 12th of IVIay, 1722, he 
made a thousand observations in the same place, from which he found 
that the greatest westerly variation was 14'’ 45', and the least, 13'^ 50' ; 
but in general, it varied between 14® 85' and 1 J", giving 35' for iho 
amount of the daily variation. 

(75b) Various speculations respecting the cause of the phenomena 
of Magnetism, had been hazarded by different autliors : but it w'as 
reserved for M. Epinus to devise a rational hypothesis, which 
embraced and explained almost all the phenomena wdiicli had been 
observed by previous authors. This hypothesis, wdiich he has 
explained at great length in his “ Tentamen Theorise Electricitatis et 
Magnetismi,” published in 1759, may be stated in the following 
manner : — 

i. — In all magnetic bodies there exists a substance which may be 
called the magnetic fluid, whose particles repel each other with a 
force inversely as the distance. 

ii. — The particles of this fluid attract the particles of iron, and 
are attracted by them in return, with a similar force. 

iii. — The particles of iron repel each other, according to the same 
law'. 
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iv. — The maguetic fluid moves through the pores of iron and soft 
steel with very little obstruction ; but its motion is more and more 
obstructed as the steel increases in hardness or temper, and it moves 
with the greatest difficulty in hard-tempered steel and the ores of 
iron. 

(759) The method of making artificial magnetsj which was practised 
by the philosophers of the seventeenth century, was a very simple, 
but a very inefficacious one. It consisted in merely rubbing the 
steel bar to be magnetized upon one of the poles of a natural or 
artificial magnet, in a plane at right angles to the line joining the 
poles of the magnet. Towards the middle of the eighteenth century, 
however, the art of making artificial magnets had excited general 
attention ; and it is to Dr. (rowin Knight, an English physician, that 
we arc indebted for the discovery of a method of making powerful 
magnets. This method he kept secret from the public, but it was 
afterwards published by Dr. Wilson. Duhamel, Canton, Michell, 
Antheaume, Savery, Epinus, Kobison, Coulomb, Biot, Scoresby, and 
others, made various improvements on this art ; for a detailed 
account of their numerous experiments, the reader is referred to 
tlie article on INlagnetism, drawn up by Sir David Brewster, for 
tlie seventh edition ot the Encifclopadia Brifannica, 

(7G0) One of tlie^blest cultivators of the science of Magnetism was 
the celebrated Coulomb, who, by the ap})lication of the principle of 
torsion, first used by Michell, determined the correct law of 
magnetic fittraction and repulsion. His first object was to deter- 
mine the law according to which Magnetism is distributed to a 
magnetic bar. It was of course well known, that the Magnetism 
in the middle of a bar was imperceptible, and that it increased 
according to a regular law, and with great rapidity, towards each 
of the poles. By suspending a small proof needle, with a silk 
fibre, and causing it to oscillate horizontally opposite different points 
of a magnetic bar placed vertically, Coulomb computed the part of 
the oflect that was dui' to teiTcstrial Magnetism, and the part 
that was due to the action nf the bar j. and in this way he showed 
the extreme rapidity with which Magnetism is increased towards 
the poles. 

(761) In examining the distribution of Electricity in a circular 
plane, Coulomb found that the thickness of the electric stratum was 
almost constant from the centre, to within a very small distance of 
the circumference, when it iniTeased all on a sudden vtdth great 
rapidity (as has been shown in a ])reviou8 Chapter.) He conceived 
that a similar distribution of Magnetism took place in the transverse 
section of a magnetic bar; and, by a series of nice (‘xperimeuts with 
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the torsion balance (66) he found this to be the case, and established 
the important fact that the magnetic power resides on the surface of 
iron bodies, and is entirely independent of their mass. 

(762) The effect of temperature on magnets was another subject to 
which Coulomb directed his powerful mind ; but he did not live to 
give an account of his experiments, which were published after his 
death by his friend M. Biot. Coulomb found that the Magnetism of 
a bar, magnetized to saturation, diminished greatly, by raising its 
temperature from 12° of Eeaurnur to 680°, and that when a magnetic 
bar was tempered at 780°, 860° and 950° of Eeaurnur, the develop- 
ment of its Magnetism was gradually increased, being more than 
double at 900° of what it was at 780". He found also that^the 
directive force of the bar reached its maximum when it was tempered 
at a bright cherry red heat at 900°, and that at a higher temperature 
the force diminished. 

(763) Coulomb made many valuable experiments on the best 

methods of making artificial magnets, and ho subjected all the 
various processes that had previously been employed to the test of 
accurate measurement. His experiments on the best forms of 
magnetic needles are equally valuable ; but the most interesting of 
his researches, and the last to which lie devoted his great talents, 
were those which relate to the action of m agists upon all natural 
bodies. Hitherto iron, steel, nickel, and cobalt, had been regarded 
as the only magnetic bodies; but in the year 1802, Coulomb 
announced to the Institute of Prance, that all bodies whatever are 
subject to the magnetic influence, even to such a degree as to be 
capable of accurate measurement. In order to determine if the 
phenomena w ere owing to particles of iron disseminated through the 
bodies which he subjected to experiment, lie tried a needle of silver, 
purified by cupellation, and another needle of silver alloyed with 
xio-th part of iron ; and he found that the action of a magnet on the 
former was 415 times less than upon the latter. Hence, as he had 
previously shown, that the forces exerted by magnets on needles are 
proportional to the absolute quantities of iron w hich they contain, 
there will be 415 times less iron in the pure than in the impure 
silver ; and since the latter contained part of its w'eight of iron 

the first will contain risth part of xioth, or -nf-sVtroth, or it will 
contain 132,799 parts of pure silver, and one of iron — a quantity of 
alloy beyond the reach of chemical detection. 

(764) Amongst the scientific travellers who have contributed to 
our knowledge of terrestrial Magnetism, Baron Alexander Humboldt 
was one of the most distinguished. Himself a careful and 
scientific observer, and possessed of accurate instiniments and exact 
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meiliods of research, he made numerous observations on the dip and 
variation of the needle in various parts of the earth, and particularly 
near the magnetic equator ; and by means of these valuable data, M. 
Biot was enabled to throw much light on the subject of terrestrial 
Magnetism, and to deduce a formula which represented the obser- 
vations with extraordinary accuracy. Professor Kr&ffb, of St. 
Petersburg, undertook the same inquiry in the year 1809, and after 
comparing the same observations which were used by Biot with the 
respective situations of the places where they were obtained, he 
arrived at tlie following simple law ; ‘‘ If we suppose a circle circum- 
scribed about the earth having the two extremities of the magnetic 
axis for its poles, and if we consider this circle as a magnetic 
equator, the tangent of the dip of the needle in any magnetic 
latitude will be equal to double the tangent of this latitude;’* and to 
this simple law, Biot, upon re-examining his former formula, found 
that it was reducible. 

(765) An able work on the Magnetism of the earth was published 
in 1817, by Professor Ilansteen of Christiana; the result of his 
researches was favourable to that part of Halley’s theory, w'hich 
assumes tlie existence of four poles and two magnetic axes. He also 
deduced the law of magnetic action, and showed that ‘‘ the attractive 
or repulsive force with which two magnetic particles affect each other, 
is always directly as their intensities, and inversely as the squares of 
their mutual distances.” And he likewise demonstrated that ^Hhe 
distance from the middle of a magnet being the same, the force 
opposite the poles, or in the direction of the axis, is double the force 
in the magnetic equator. Ilansteen collected all the observations of 
value that had been made on the variation of the needle, and from 
these he proved that there w ere jToi^r points of convergence among 
the lines of variation, viz,^ a weaker and a stronger point in the 
vicinity of each pole of the globe. The strongest poles, N. S., lie 
almost diametrically opposite to each other, and the same is true of 
the weaker poles, n., s. These four poles he found to have a regular 
motion obliquely. The two northern ones, N, n, from west to east, ' 
and the two southern ones, S, s, from east to west. The following 
he found to be their periods of revolution, and their positions in 
1830:— 


Long, from 

Lat. Greenwich. 

Pole N. . 69“ 30' N. . . . 87« 19' N. . 

Pole S. . 68“ 44' S. . . . 131“ 47' E. . 

Pole n. . 86“ 6' N. . . . 144“ 17' E. . 

Pole 8 . . 78“ 29' S. . . . 137“ 45' \V. 


Time of revolatioi/^ 
round each 
poJe of the globe. 

1,740 years. 
4,609 „ 


860 
. 1,304 


if 



530 


MA^(41SBTJSA!. 


And on comparing these results with the magnetical observations 
made by Captain Parry in the Arctic regions in 1819, he found 
them to differ so little as to give them a high degree of probability. 
Hansteen showed that the changes in the variation and dip of the 
needle in both hemispheres, may be well explained by the motion of 
th^ four magnetic poles. The same enterprising philosopher, with 
a view to the determination of the intensity of the earth’s Magnetism 
at different parts of its surface, caused observations on the oscillation 
of the same needle to be made in every part of Europe, and under- 
took himself a journey to Siberia for the same purpose. From these 
observations, he deduced the following law, according to which the 
magnetic intensity varies with the dip of the needle. 
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Hansteen was the first to determine the diurnal variation of the 
needle. He found that the minwivm intensity took place between 
10 and 11 A.M., and the maximum between 4 and 5 p.m. 

(766) In an aerostatic voyage made by Gay Lussac and Biot, in 
1804, at the height of nearly 13,000 feet, they were unable to detect 
any change in the intensity of terrestrial Magnetism. Saussure, 
however, had found that the intensity was considerably less on the 
Col du Geant than at Chamouni and Geneva ; the difference in the 
levels of these places being in the one case, 10,000, and in the 
other 7,800 feet; but his observations contradict his conclusions. 
M. Kupffer has more recently obtained a similar result, by obser- 
vations on Mount Elbrouz ; having found a decrease in intensity in 
rising 4,500 feet above his first station ; and he explains the result 
obtained by MM. Gay Eussac and Biot, by supposing that an 
^increase of intensity was produced by a diminution of temperature. 
Mr. Henwood, on the other hand, has made observations at the sur&oe 
of Dolcoath mine ; at 1,320 feet beneath its surface ; and on a hill, at 
710 feet above the level of the sea ; without being able to detect any 
difference in the intensity. To the late Captain Foster w'e are 
indebted for many valuable observations on the magnetic intensity, 
made at Spitzbergen and elsewhere. From these he concluded that 
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the diurnal change in the horizontal intensity is principally, if not 
wholly, owing to a small change in the amount of the dip. The 
niaxiinum took place at about 3h. 30mm. a.m., and the minimum at 
2h. 47min. r.M. ; its greatest change amounting to Ard of its mean 
value. Captain Foster is of opinion, that these changes have the 
sun for their primary agent, and that his action is such as to produce 
a constant inflection of the pole towards the sun during the tw^enty- 
four hours ; an idea which had been previmisly stated by Mr. 
Christie. 

(707) About the year 181 8,. Professor Barlow, of Woolwich, turned 
his attention to the subject of Magnetism, with a view principally of 
calculating the effect of ship’s guns on the compass. In trying the 
effect of diflerent iron balls, he w'as led to the curious facts — that 
there exists round every mass of iron, a great circle inclined “to the 
horizon, at an angle equal to the complement of the dip of the needle ; 
— that the plane of this circle is a plane of no attraction upon a 
needle whose centre is in that plane ; — that if we regard this circle 
as the magnetic equator, the tangent of deviation of the needle 
from its north or south pole w ill be proportional to the rectangle of 
the sine of the double latitude and cosine of the longitude ; — that 
when the distance of the needle is variable, the tangent of deviation 
will be ]*eciprocally proportional to the cube of the distance, and that 
all things else being the same, the tangent of deviation will he pro- 
portional to the cubes of the diameters of the balls, or shells, whatever 
be their masses, provided their thickness exceeds a certain quantity. 
Mr. Barlow was, from these discoveries, enabled to invent a most 
ingenious method of correcting the error of the compass arising from 
the attraction of all the iron on board ships. This source of error 
had been noticed by Mr, AVales, Mr. Downie in 1794, and by Captain 
Flinders ; but it is to Mr. Bain that w'e owe the distinct establish- 
ment and explanation of this source of error. As a hollow shell of 
iron, about 4 pounds in weight, acts as powerfully at the same 
distance as a solid iron ball of 200 pounds’ weight, Mr. Barlow 
happily conceived that a plate of 5 or 0 pounds’ w^eight might be 
made to represent and counteract the amount of the attraction of all 
the iron on board a vessel ; and, therefore, leave the needle as free to 
obey the action of terrestrial JMagnetism as if there was no iron in 
the ship at all. After this ingenious contrivance had been submitted 
to the Admiralty, it was tried in every part of the world ; and even 
iu the regions which surround the magnetic pole, wdierc the compass 
becomes useless, it never failed to indicate the true magnetic direc- 
tion, when the eonnociing plate was properly applied. ‘‘ Such an 
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invention as this,” says Captain Parry, so sound in principle, so 
easy in application, and so universally beneficial in practice, needs no 
testimony of mine to establish its merits ; but v hen I consider the 
many anxious days and sleepless nights which the uselessness of the 
compass in these seas had formerly occasioned me, I really should 
have esteemed it a kind of ingratitude to Mr. Barlow, as well as great 
injustice to so memorable a discovery, not to have stated my opinion 
of its merits, under* circumstances so well calculated to put them 
to a satisfactory trial.” For this beautiful invention, the Board of 
Longitude conferred upon Mr. Barlow tlie liighest rew^ard of five 
hundred pounds ; and the Emperor of Russia, who was never inatten- 
tive to the interests of science, sent him a fine gold watch and a ricli 
dress chain for the same contrivance. 

(70B) The late Dr. Morichini, an eminent physician at Rome, first 
announced it as an experimental fact, that an unmagnetized needle 
could be rendered magnetic by the action of the violet rays of the 
sun. His experiments were successfully repeated by Dr. Carpi, at 
Rome, and the Marquis Ridolfi, at Florence ; but M. D’Hombre 
Firmas, at Alais, in France, Professor Configliachi, of Pavia, M. 
Berard, of Montpelier, failed in obtaining decided magnetic effects 
from the violet rays. In 181i, Dr. Morichini exhibited the actual 
experiment to Sir Humphry Davy, and in 1817, Dr. Carpi showed it 
to Professor Playfair. A few months after Sir Humphry witnessed 
the experiment. Sir David Brewster met him at Geneva, and learned 
from him the fact, that lie had paid the most diligent attention to one 
of Morichini’s experiments, and that he saw an unmagnetized needle 
rendered magnetic by violet light. The following account of the 
experiment made by Dr. Carpi, was given to Sir David, by Professor 
Playfair : ‘‘ The violet light was obtained in the usual manner, by 
means of a common prism, and w^as collected into a focus by a lens of 
sufficient size. The needle was made of soft wire, and was found, 
upon trial,. to possess neither polarity, nor any power of attracting 
iron filings. It w’-as fixed horizontally upon a support, by means of 
wax, and in such a direction, as to cut the magnetic meridian at right 
angles. The focus of violet rays was carried slowly along the needle, 
proceeding from the centre towards one of the extremities, care being 
taken never to go back in the same direction, and never to touch the 
other half of the needle. At the end of half-an-hour after the needle 
bad been exposed to the action of the violet rays, it was carefully 
examined, and it had acquired neither polarity nor any force of at- 
traction ; but after continuing the operation 25 minutes longer, 
when it was taken off and placed on its pivot, it traversed with great 
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alacrity, and settled in the direction of the magnetical meridian, with 
the end over which the rays had passed turned to the north. It also 
attracted and suspended a fringe of iron filings. The extremity of 
the needle that was exposed to the action of the violet rays, repelled 
the north pole of a compass needle. This eftect was so distinctly 
marked, as to leave no doubt in the minds of any who were present, 
that the needle had received its Magnetism from the action of the 
violet rays.*’ In this state of the subject, Mrs. Somerville made some 
simple and wxdl conducted experiments, which seemed to set the 
question at rest, from the distinct and decided character of the results. 
A sewing needle, an inch long, and devoid of Magnetism, had one-half 
of it covered with paper, and tlie other exposed to the violet rays 
of the spectrum, 5 feet distant from the prism. In two hours it 
acquired Magnetism, the exposed end exhibiting north polarit/. The 
indigo rays produced an equal eftect, and the blue and the green the 
same in a less degree. The yellow, orange, and red rays had no 
eftect even after 3 days’ exposure to their action. Pieces of blue 
watch-spring received a higher Magnetism. AVhen the sun’s light 
fell upon the exposed end through blue-coloured glasses, or through 
blue or green riband, the same magnetic effects were produced. The 
experiments of Air. Christie, an account of which was read to the 
Royal Society, a short time before Mrs. Somerville’s, confirmed her 
results to a certain degree, by a difterent mode of observation. The 
general opinion seems, however, now to be, that light docs not exer- 
cise any decided effect in producing Magnetism. The experiments of 
M.M. P. Ries and Moser were made with needles both polished and 
oxidated, and also with wires half-polished, and polarized as well as 
common light was made to fall on them in a concentrated state, but 
no decided eftect upon their number of oscillations could be observed ; 
and they state that they think themselves justly entitled to 7 *eject 
totally a discovery which for seventeen years has at different times dis- 
turbed science. 

(709) On 21th Pebruary, 1840, the folio wing account of some experi- 
ments on this subject was laid before the Royal Irish Academy by 
Mr. G. J. Knox and the Rev. T. Knox : “ Having procured several 
hundred needles, of different lengths and thicknesses, and having 
ascertained that they were perfectly free from Magnetism, we enve- 
loped them in white paper, leaving one of their extreme ends uncovered. 
Taking advantage of a favourable day for trying experiments upon the 
chemical ray (known by the few seconds required to blacken chloride 
of silver), we placed the needles at right angles to the magnetic meri- 
dian, and exposed them for 2 hours, from 11 till 1 o’clock, to the 
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differently refrangible rays of the sun, under coloured glasses. Those 
beneath the red, orange, and yellow, showed no trace of Magnetism, 
while those beneath the blue, green, and violet, exhibited, the two 
first feeble, but the last strong traces of Magnetism. 

“ To determine how far the oxidating power of the violet ray is 
concerned in the phenomenon, we exposed to the different coloured 
light, needles whose extremities had been previously dipped in nitric 
acid, and found that they became magnetic (the exposed end having 
been made a north pole) in much shorter time than the others, and 
that this effect was produced in a slight degree, under the red (when 
exposed a sufficient length of time), strongly under white glass, and 
so strong under violet glass, that the effect took place even Mdum the 
needles were placed in sucli a position along the magnetic meridian, 
as would tend to produce, by the earth’s influence, a south pole in 
the exposed extremity. 

“ Conceiving that the inactive state produced in iron (as observed 
by Schoenbein, 292 et Beq^ when plunged into nitric acid, sp. gr. 
9*36, or being made the positive pole of a battery, or by any other 
means, might throw some ligld upon the nature of tlie change pro- 
duced, experiments were instituted to this effect, which showed that 
no trace of Magnetism couldbe thereby produced.” — (See some curious 
experiments on the magnetic influence of the lunar spectrum in 20th 
vol. of Fliil. Map.) 

(770) A valuable series of obsen-ations on the influence of the aurora 
borealis on the Magnetic needle, was made by Dr. Dalton at Kendall 
and Keswick, during seven years, from May, 1786, to May, 1793, and 
has been published in his JMeteorological Observations and Essays, 
which appeared in 1793. During thest' observations he noticed the 
effect produced on the magnetic needle, and he was thus led to study 
the phenomena of the aurora, and to establish, beyond a doubt, the 
relation of all its phenomena to the magnetic poles and equator. In 
some cases, however. Dr. Dalton did not observe any perceptible dis- 
turbance of the needle. 

(771) Professor Hansteen, who occupied himself extensively with 
the subject of magnetism, observes, that large extraordinary move- 
ments of the needle, in which it traverses frequently, with a shivering 
motion, an arc of several degrees on both sides of its usual position, 
are seldom, perhaps never exhibited, unless when the aurora borealis 
is visible, and that this distm-bance of tlie needle seems to operate at 
the same time in places the most widely separate. 

(772) Erom the extensive series of accurate observations, made by 
M. Arago, at Paris, since 1818, the needle was almost invariably 
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found to be affected by aurorae that were seen in Scotland ; and so 
striking was the connexion between the two classes of facts, that the 
existence of the aurora could be inferred from the derangements of 
the needle. M. Arago has likewise discovered, that early in the 
morning, often 10 or 12 hours before the aurora is developed in a 
very distant place, its appearance is announced by a particular form 
of the curve, which exhibits the diurnal variation of the needle, that 
is, by the value of the morning and evening maxima of elongation. 

(773) During the journey of Captain Back to the polar regions, in 
1833, 1834, and 1835, he found that the needle was generally affected 
by the aurora ; and on one occasion the deviation which it produced 
was 8°; he repeatedly observed that when the aurora was concen- 
trated in individual beams, the needle was powerfully affected ; but 
that it generally returned to its mean position, when the aurora 
became generally diffused. On several occasions, fhe needle was 
restless, and exhibited the vibrating action produced by the aurora, 
when this motion was not visible ; and Captain Back states that he 
could not account for this, except by supposing the invisible presence 
of the aurora in full day, 

(774) The only metals which were supposed to have a distinct and 
decided power, and were, therefore, called magnetic metals, are iron, 
cobalt, and nickel. A needle of the latter metal carefully purified 
by M. Thenard, was found by Biot to have a magnetic directive 
power k that of a similar-sized needle of steel. Mr. David Lyon 
has endeavoured to show that these metals resemble one another, 
not only in their principal qualities, but in the numerical values 
of their qualities; and, he adds, that whilst these three magnetic 
substances have the values above referred to, near each other, there 
are no other substances in which the same values come very near, 
or fall within those of the three magnetic substances. The values 
to which Mr. Lyon alludes are the following : — 

Specific Atomic Atoms contained 

gravity. weight. in a given space. 

Nickel . . 8-27 . . 739*51 . . 1118 

Iron ... 7*21 . . 678*’43 . . 1062 

Cobalt . . 7*8 . . 788 . . . 1057 

(775) M. Pouillet, on the other hand, thought that there were five 
simple magnetic bodies, viz., iron, manganese, nickel, cobalt, and 
chrome ; and in consequence of having observed some remarkable 
analogies, between the distance of the atoms of bodies, and their 
magnetic properties, he was led to suppose that the magnetic limit 
of difterent bodies ought to be found at very different temperatures. 
“I have, indeed,” says he, ‘‘demonstrated by experiment, first, that 
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cobalt never ceases to be magnetic, or rather that its magnetic limit 
is at a temperature higher than the brightest white heat; second, 
that chrome has its magnetic limit a little below the temperature of 
dark blood-red heat ; third, that nickel has its magnetic limit about 
350"^ centigrade, nearly at the melting point of zinc; and fourth, 
that manganese has its magnetic limit at the temperature of from 
20® to 25® below zero. Experiments on these live magnetic bodies 
seem to prove, first, that heat acts upon Magnetism only, in conse- 
quence of the greater or less distance which it occasions between the 
atoms of bodies ; and second, that all bodies would become magnetic 
if we could by any action whatever, make their atoms approach 
within a suitable distance.” It was afterwards shown by Earaday 
that to Pouillet’s list of magnetic metals must be added platinum, 
palladium, osmium, titanium, and cerium ; he has found, moreover, 
that not only the pure metals, but solutions of their salts are acted 
on by a powerful electro-magnet in a manner similar to iron. 

(776) A series of careful experiments was made by Cavallo on the 
magnetism of brass when hammered. He found that this compound, 
whether old or new, was made magnetic, when placed between two 
pieces of card, and hammered, either on an anvil by a hammer, or 
between two flints. He observes : ‘‘ It appears that the property of 
becoming magnetic in brass, by hammering, is rather owing to some 
peculiar configuration of its parts tlian to any admixture of iron ; 
which is confirmed still further, by observing, that Dutch plate brass 
(which is made, not by melting the copper, but by keeping it at a 
strong degree of heat, whilst surrounded by lapis calaminaris^) also 
possesses that property ; at least, such was the case with all the pieces 
I tried. From this it follows, that when brass is to be used for tlie 
construction of instruments wherein a magnetic needle is concerned, 
as. dipping needles, variation compasses, <fcc., the brass should cither 
be left quite soft, or it should be chosen of such a sort as will not be 
made magnetic by hammering, which sort, however, does not occur 
very frequently.” 

(777) These suggestions of M. Cavallo were not attended to as 
their importance deserved, and there is no doubt that considerable 
errors have arisen from their neglect. Many examples have indeed 
occurred in which the errors were detected ; and it is now the in- 
variable practice of well informed instrument makers, to reject 
hammered brass bowls for compasses, and to use those which are 
cast and turned for the purpose. 

(778) The existence of magnetism in brass, while there w^as not 
the least trace of it cither in the copper or zinc of which it is com- 
posed, led philosophers to investigate the effects produced by the 
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union of different metals, or by their combination’ with other sub- 
stances. Iron itself is a simple chemical body. Steel is a com- 
bination of iron and carbon. The loadstone is a combination of iron 
and oxygen ; and as no Magnetism is found either in carbon or in 
oxygen, we are naturally led to believe, as M. Pouillet has remarked, 
that the magnetic fluid resides in the substance of the iron, and that, 
it is carried with the atoms of that metal into all the chemical com- 
binations which they form; we may, therefore, expect to find 
magnetic properties in all ferruginous bodies, whether the iron be an 
accidental or a necessary ingredient ; and indeed cast-iron, plumbago, 
and the oxides and sulphurets of iron, exert a sensible action on the 
needle. 

(779) On the other hand. Dr. Matthew Young found that the 
smallest admixture of antimony was capable of destroying the 
polarity of iron ; and M. Secbeck states, that an alloy of one part of 
iron and four parts of antimony was so completely destitute of 
magnetic action, that even when put into rotation, it exerted no 
action on tlie magnetic needle. The magnetic qualities of nickel 
(which stands next to iron in magnetic siisceptibilitv, and which is 
usually found to possess considerable power), are also destroyed by a 
mixture with it of other metals. Chevenix found that a very small 
portion of arsenic deprived a mass of nickel, that had previously 
exhibited a stroiig magnetic power, of the whole of its Magnetism ; 
and Dr. Secbeck found that an alloy of two parts of copper with one 
of nickel was entirely devoid of Magnetism, and on this account he 
recommends it as well suited for the manufacture of. compass boxes. 
On the other hand, Mr. JTatchett ascertained, that wdien a large pro- 
portion of carbon, or sulphur, or phosphorus, was combined with 
iron, the iron w as enabled fully to receive and retain its magnetic 
properties ; but he, at the same time found, that there w’as a limit 
beyond which an excess of any of these three substances rendered 
the compound wholly incapable of receiving Magnetism. 

(780) Animal and vegetable substances, after combustion, are said 
to be attracted by the magnet. The flesh, and particularly the blood, 
is acted on more pow^erf Lilly than other parts, and bone less power- 
fully. Burned vegetables have the same property, and also soot and 
atmospheric dust ; and M. Cavallo has maintained that brisk chemical 
effervescences acted upon the magnetic needle. 

. (781) In 1802, the supposition of universal Magnetism was put to 
the test of rigorous experiment by Coulomb. He employed a glass 
receiver, from the top of which w^as suspended, by a silk fibre, the 
needle of the substance to be examined, about 1 inch long, and 
TsVth thick. The receiver w^as then placed so as to enclose the 
opposite poles of two pow erful bar magnets, each formed of four bars 
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of steel tempered to a white heat, and tlie number of oscillations of 
tlie needle between these poles was noted. It was found that all 
substances whatever, wlien formed into small needles, turned themselves 
in the direction of the poles of the magnets, and after a few oscillations, 
finally settled in that position. When these bodies were moved a very 
little way out of their position of equilibrium, they immediately began 
to oscillate round it, the oscillations being always performed more 
rapidly in the presence of the magnets than when they were removed 
out of their influence. Gold, silver, brass, wood, and all other sub- 
stances, whether organic or inorganic, thus obeyed the power of 
magnets. Hence it was concluded, either that all bodies are suscep- 
tible of Magnetism, or that they contain minute quantities of iron, or 
other magnetic metals, which give them their susceptibility. A'arious 
other methods have been employed in developing Magnetism in all 
bodies whatever, since the time of Coulomb ; but we must refer for 
an account of them to the exce)llent treatise on Magnetism drawn uj) 
for the Encyclopaedia Briiannica by Sir D. Brewster. The interesting 
question of the universal prevalence of Magnetism subsequently 
derived new interest from the beautiful discovery of M. Arago. This 
' distinguished philosopher conceived the idea of studying the oscilla- 
tions of a niagnotic needle when placed above or near any body 
whatever. Having suspended a magnetic needle above metal, or evtui 
water, and caused it to deviate a certain number of degrees from its 
position, it began, when left to itself, to oscillate in arcs of less and 
less amplitude, as if it had been placed in a resisting medium ; and 
what was peculiarly curious in these experiments, this diminution in 
the amplitude of the oscillations did not alter the number of oscilla- 
tions which were performed in a given time. Dr; Secb^ck found, that 
in alloying magnetic with non-niagnetic substances, he formed com^ 
pounds which exercised no action on the needle. The alloys which had 
particularly this singular property, were those consisting of four parts 
of antimony, and one of iron, or two parts of copper, and one of 
nickel. In these cases the Magnetism of the two ingredients must 
have been neutralized by their opposite actions. 

(782) In consequence of these experiments of M. Arago, which were 
announced at the sitting of the French Institute, on the 22nd of 
November, 1824, and repeated in London, on the 7th of March, 1825, 
philosophers in every part of Europe turned their attention to tlu' 
development of Magnetism by rotation. The most important results 
were obtained by Messrs. Babbage and Herscbel. A horse-shoe 
magnet, which lifted 20 pounds, was made to revolve rapidly 
round its axis of symmetry, placed vertically with its poles upper- 
most. A circular disc of conper, 6 inches in diameter, and -a^th 
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of an inch tlhck, was suspended above the revolving magnet. 
As soon as the rotation of the magnet commenced, the copper 
began to turn in the same direction, at first slowly, but afterwards 
with an increased velocity. When the magnet was made to turn 
in an opposite direction, the disc of copper changed the direction 
of its motion also, and exhibited the same phenomena. Metallic 
plates 10 inches in diameter, and J-inch thick, when interposed 
between the magnet and the copper disc, did not sensibly modify 
the results, as M. Arago had observed. Glass produced no efiect ; 
but a sheet of tinned plate iron diminished greatly the infiuence 
of the magnet, while two such plates almost destroyed it. They 
found also that a disc of copper, 10 inches in diameter, and i-inch 
thick, and revolving with a velocity of 7 revolutions in a second, 
did not communicate any motion to a similar disc freely suspended 
above it. 

(783) Messrs. Babbage and Hcrschel next sought to determine the 
effect produc(?d by a solution of continuity in the metallic disc, upon 
which the revolving magnet acted. For this purpose a disc of 
load 12 inches in diameter, and i^,ith of an inch thick, was sus- 
pended at a given distance from a horse-shoe magnet, revolving with 
the ordinary rapidity, first in its entire state, and afterwards in the 
state shown in the annexed figures, the black lines in the direction 
of the radii being the planes where the lead was cut through. 
(Figs. 256, 257, 258, 259, 260.) The accelerating forces, represented 


Fig. 25(5. Fig. 257. Fig. 258. 



by where «iis the number of the revolutions, and f the time em- 
ployed, are as follow; — 


N y 
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Unent disc. 

Disc as in 
Fig. 256. 

Disc as iu 
Fig. 257. 

Biso as iu 
Fig. 258. 

Disc as iu 
Fig. 259. 

Disc as in 
Fig. 260. 

1258 

1047 

913 

564 

432 

324 


Effects similar, but differing in degree, were obtained with other 
metals : with soft tinned iron, the cutting produced a very slight 
diminution of effect, while in copper the same operation reduced the 
accelerating force in the ratio of 5 to 1. 

They next tried the effect of filling up the cuts with different metals . 
A light upper disc suspended at a given distance above a revolving 
magnet, performed 6 revolutions in 54'' 8. When cut as in Fig. 260. 
its magnetic action was so weakened, that it took 121" 3, to perform 
6 revolutions ; when the right open radial spaces were filled up with 
tin, its magnetic action was restored to such a degree, that it made 
6 revolutions in 67" 3. This fact is very interesting, as tin has less 
than half the energy of copper. 

(784) M. Haldat made some very interesting experiments on this 
subject. He found that every needle, however weak its Mag- 
netism, obeyed the action of the revolving disc ; but that this action 
disappeared entirely when its polarity disappeared. He found it 
impossible to magnetize needles by the action of the revolving disc, 
however rapid ; and in consequence of ascribing this effect to the 
want of coercitive power, he employed discs of iron and steel, both 
soft and hardened. 

A disc of soft iron acted with more energy than one of copper, and 
with the same velocity, it dragged the needle twice the distance that a 
disc of brass did. Iron, strongly liammercd, acted like soft iron, and 
was unable to give polarity to a .steel needle; but a disc of un- 
tempered steel, ^ffth of an inch thick, did not produce any appre- 
ciable effect on the magnetic needle, which, after a few irregular 
oscillations, maintained its ordinary position of equilibrium. Hence, 
he concluded, that the force which acted upon it was in the inverse 
ratio of the coercitive force. M. Haldat also found, that discs in a state 
of incandescence exercised the same action as those at the ordinary 
temperature. 

(785) Sir Wm. Snow Harris has since shown that several substances 
not supposed to contain iron, have the power of intercepting the 
inffuence of a revolving magnet, contrary to the observations of Messrs. 
Babbage and Herschel. A circular magnetic disc being delicately 
balanced on a fine central point by means of a rim of lead, was put 
into a state of rotation on a small agate cup, at the rate of 600 
revolutions in a minute ; and a light ring of tinned iron, also finely 
balanced on a central pivot, was placed immediately over it at about 
4 inches distance, by means of a thin plate of glass,** on which its 
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pivot rested. When the ring of tinned iron began to move slowly 
on its pivot by the influence of the magnet revolving below, a large 
mass of copper about three inches thick, and consisting of plates a foot 
square, was carefully interposed between the magnet and the iron 
ring. The interposition of the copper soon sensibly diminished the 
motion of the iron disc, and at length arrested it altogether. On 
again withdrawing the copper, the motion of the disc was restored ; 
and the same effects were repeatedly obtained. In this experiment 
both the magnet and the disc were enclosed by glass shades, and 
supported on a firm base. 

The same effects were produced by a mass of silver and zinc : but 
when their thickness was considerably diminished by removing the 
central plates, the motion of the disc was not impeded. A very great 
tliickness of lead was necessary to stop the disc, in consequence, as 
Sir W. Harris supposes, of its magnetic energy being so much less 
than that of copper. 

(786) It was about the period of these researches that Faraday 
made the capital discovery that a permanent current of Electricity 
may be produced by ordinary magnets. Fig. 261. represents the 
forni oJ* apparatus employed. 

Fig. 261. 



A copper plate mounted on an axis, is furnished with a handle for 
giving it motion ; w «?, are conducting wires, — the one retained in 
perfect metallic contact with the axis, and the other with the circum- 
ference of the disc. A powerful horse-shoe magnet is then placed so 
as to allow of the revolution of the disc between its poles, and the 
wires w are connected with the galvanometer, g ; the wire w, is 
retained on the circumference of the disc, at the point between the 
poles of the magnet. When this machine is made to revolve from 
right to left, a current of Electricity from the centre to the cirenm- 

N N 2 
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ference is determined in the direction of the arrows, and the galvano- 
meter is deflected accordinglj. If the revolution of the disc, or the 
poles of the magnet be reversed, the electric current moves in an 
opposite direction ; — while the plate is at rest, there is no disturbance 
of the needle of the galvanometer. The same effects are produced 
when electro-magnets, or cods of wire are substituted for the per- 
manent magnetic poles ; and when instead of employing a circular 
disc of metal, a strip of copper plate is placed between the magnetic 
poles, while two conductors from the galvanometer are held .in contact 
with its edges, a current of Electricity is shown to be produced by 
simply drawing the slip of metal between the poles of the magnet. 

(787) The law which governs the evolutions of Electricity by mag- 
neto-electric induction, is thus illustrated by Faraday.* If in Fig. 2(52 
P N represent a horizontal wire passing by a Fig. 262. 

marked magnetic pole, so that the direction of - - 

its motion shall coincide with the curved liiu' , ' jv' 

proceeding from below upwards ; or if its mo- 
tion parallel to itself be in a line tangential to \ 
the curved line, but in the general direction of . 
the arrows, or if it pass the pole in other direc- 
tions, but so as to cut the magnetic curves in the same general dirc^f*- 
tion, or on the same side as they would be cut by the wire if moving 
along the dotted curved line ; then the current of Electricity in the 
wire is from P to N. If it be carried in the reverse directions, the 
electric current will be from to P : or if the wire be in the vertical 
position P' N', and it be carried in similar directions, coinciding with 
the dotted horizontal curve so far as to cut the magnetic curves on 
the same side, with it, the current w’ill be from V to If the wire 
be considered as a tangent to the curved surface of the cylindrical 
magnet, and it be carried round that surface into any other position ; 
or if the magnet itself be revolved on its axis so as to bring any part 
opposite to the tangential wire ; still if afterwards the wire be moved 
in the directions indicated, the current of Electricity will be from 
P to N ; or if it be moved in the opposite direction, from N to P ; so 
that, as regards the motions of the wire past the pole, they may be 
reduced to two, directly opposite to each other, one of which produces 
a current from P to N, and the other from N to P. 

The same holds true of the unmarked pole of the magnet, except 
that if it be substituted for the one in the figure, then, as the wires 
are moved in the direction of the arrows, the current of Electricity 
would be from N to P, and when they move in the reverse direction, 
from P to N. 
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(788) The direction of the current of Electricity which is excited 

ill a metal when moving in the neighbourhood of a magnet is thus 
shown to depend upon its relation to the magnetic curves. Faraday, 
with his usual happy method of illustration, has given us this 
popular expression of it. Let Fig. 263. 

A B (Fig. 203) represent a cylin- 
der magnet, A being the marked, 
and B the unmarked pole; let 
P N be a silver knife-blade, 
resting across the magnet with 
with its edge upw'ard, and with 
its marked or notched side 
toward the pole A; then in 
whatever direction or position this knife be moved, edge foremost, 
either about the marked or unmarked pole, the current of Electricity 
produced will be from P to N, provided the intersecting curves pro- 
ceeding from A, abut upon the notched surface of the knife, and 
those from B upon the unnotched side ; or if the knife be moved 
with its back foremost, the current will be from N to P, in every 
possible position and direction, provided the intersected curves abut 
on the same surfaces as before. A little model is easily constructed, 
by using a cylinder of w'ood for a magnet, a flat piece for the blade, and 
a piece of thread connecting one end of the cylinder with the other, 
and passing througli a hole in the blade for the magnetic curves ; this 
i-eadily gives the result of any possible direction. 

(789) From this discovery of Faraday’s, then, viz., that when a piece 
of metal is passed before a single pole, or between the opposite poles 
of a magnet, electrical currents transverse to the direction of motion, 
are produced across it, a very satisfactory explanation of the pheno- 
menon first observed by Arago, and afterw^ards examined in detail by 
Babbage, Herschel, and Harris can be given, without having recourse 
to the supposition of the formation in the revolving copper of a pole 
of the opposite kind to that approximated, surrounded by a diffuse 
polarity of the same kind. It is evident that as the plate revolves, 
in the neighbourhood of the magnet, or vice versa, electrical currents 
are produced from the centre to the circumference, or from the cir- 
(aimference to the centre, in the direction of the radii ; and the effect 
is precisely the same as in the electro-magnetic rotations, which, as 
w e shall hereafter see, ai’e governed by the following law : If a 
w ire P N (Fig. 264) be connected with the positive and negative ends 
of a voltaic battery so that the positive Electricity shall pass from P 
to N, and a marked magnetic pole N, be placed near the wire, 
between it and the spectator, the pole will move in a direction 
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Fig. 264, tangential to the wire, that is towards the right, and the wire 
^ will move tangentially towards the left, according to the 
direction of the arrows. So also when a plate of metal is 
made to rotate beneath a magnetic pole (suppose an N pole), 
a series of currents of Electricity will pass from the centre to 
the circumference of the plate if it is rotating in the 
direction of the hands of a watch, or from the circumference 
to the centre if it is rotating in the contrary direction ; and 
^ it is at once evident that, according with the above law, both 
magnet and plate must move in the same direction; it is also 
evident why tljp phenomena cease when the magnet and metal are 
brought to rest, for then the electrical currents cease. The effects of 
a solution of the continuity of the disc in the experiments of 
Babbage and Herschel are likewise readily explained. 

The question as to the universality of Magnetism has been placed 
in a new and intensely interesting light by the recent discoveries of 
Faraday and others relating to diamagnetic action, a full account ol’ 
which we reserve for a future chapter. 

(790) With regard to the influence of heat on magnetism, Mr. 
Christie, from a number of* experiments made ■with the torsion 
balance, the needle being suspended by a brass wire Hoth of 
an inch in diameter, ascertained the following facts : — 

i. Beginning with 3® Fahr. up to 127^, the intensity of magnets 
decreased as their temperature increased. 

ii. With a certain increment of temperature the decrement ol’ 
intensity is not constant at all temperatures, but increases as tlio 
temperature increases. 

iii. From a temperature of about 80°, the intensity decreases very 
rapidly as the temperature increases ; so that, if up to this tempera- 
ture, the differences of the decrements are nearly constant, from 
this point the differences of the decrements also increase. 

iv. Beyond the temperature of 100^', a portion of the power of the 
magnet is permanently destroyed. 

V. On a change of temperature, the most considerable portion of 
the effect on the intensity of the magnet is produced instantaneously, 
showing 'that the magnetic power resides on, or very near the 
surface. 

vi. The efifects produced on soft iron by changes of temperature, 
are directly the reverse of those produced on a magnet ; an increase 
of the temperature causing an increase in the magnetic power of the 
iron. This was observed between the temperatures of 50^ and 
100° Fahr. Mr. Christie regards this as a strong argument against 



KISTOBIOAL SKETCH. 545 

the hypothesis, that the action of iron upon the needle arises from 
the polarity which it receives from the earth. 

(791) In the year 1820 Sir David Brewster announced the discovery 
of two poles of maximum cold on opposite sides of the north pole 
“of the earth, and he was led to entertain the opinion that there might 
be some connexion between the magnetic poles and those of maximum 
cold. “Imperfect,” says he, “as the analogy is between the iso- 
thermal and magnetic centres, it is yet too important to be passed 
over without notice. Their local coincidence is sufficiently remark- 
able, and it would be to overstep the limits of philosophical caution, 
to maintain that they have no other connexion but that of accidental 
locality ; and if we had as many measures of the moan temperature as 
we have of the variation of the needle, w’e might determine whether 
the isothermal poles were fixed or moveable.” The connexion 
between the poles of maximum cold and those to which the iso- 
dynamical magnetic lines are related was considered as a probable 
supposition by the late Dr. Dalton. Other philosophers have 
expressed similar opinions. Dr. Traill says, “ The disturbance of 
the equilibrium of the temperature of our planet by the continual 
action of the sun’s rays on its int^-tropical regions, and by the 
polar ices, must convert the earth into a vast tliermo-magnetic 
apparatus; and the disturbance of the equilibrium of tempera- 
ture, even in stony strata, may elicit some degree of Magnetism.” 
Mr. Christie also thinks it not improbable “that .difference of 
temperature may be the primary cause ^of the polarity of the earth, 
though its influence may be modified by otlier circumstances.” And 
in his treatise on “Thermo-Electricity,” M. Q^ersted remarks, 
“ that the most cfiicacious excitation of Electricity upon the earth 
appears to be produced by the sun producing daily evaporation, 
deoxidation, and heat, all of which excite electrical currents.” 

. . . “ Thus the earth seems to have a constant magnetic polarity 

produced in the course of time by the electrical currents which sur- 
round it, and a variable Magnetism produced immediately by the 
same current.” 

(792) Sir Wm. Snow Harris’s Memoirs were published in the 
Transactions of the Royal Society of Edinburgh for 1827, and in the 
Philosophical Transactions for 1831. In the first, entitled “ Experi- 
mental Inquiries concerning the Laws of Magnetic Forces,” he shows 
by a beautiful series of experiments, that the magnetic development in 
masses of iron by induction is, cwteris paribus^ directly proportional 
to the power of the inductive force^ and inversely as the distance ; 
and that the forces which magnets develope in a mass of iron at a given 
distance, within certain limits, may be taken as a fair measure of their 
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respective intensities ; he also shows that the absolute force of attrac- 
tion, exerted between a magnet and a piece of iron, varies with tlie 
power of the magnet, and consequently with the force induced in tlie 
iron, emteris parihus ; and that when the force induced in the iron is 
a constant quantity, while its distance from a temporary or permanent 
magnet is variable, the absolute force varies with the distance. Sir 
William made a number of nice experiments on the absolute force of 
attraction and repulsion between two magnetized bodies, which he 
found to be in the iflsverse ratio of the square of the distance. When 
in the case of attraction, the magnets however were nearly approxi- 
mated in relation to their respective intensities, the increments in 
the forces began to decline, and in some instances at near approxi- 
mations, the absolute force was in the simple inverse ratio of tlie 
distance. In the experiments with the repelling poles, the deviations 
from the regular force were still more considerable, and what is 
curious in this case, the force became less and less until the polarity 
of the weaker magnet appeared to be so counteracted by induction 
that the repulsion was at length superseded by attraction. The law 
according to which the forces are developed in different points of the 
longitudinal magnetic axis between the centre and poles of a magnet 
he found to vary directly as the square of the distance from tlie 
magnetic centre, a law which is uniform in bars of steel regularly 
hardened and magnetized throughout. This law of distribution is 
exactly the same as that which had been given by Hansteen. Sir 
W. Harris repeated the experiment of Mr. Christie, and found with 
that philosopher that the oscillations of a magnetic bar were dimi- 
nished in bright sunshine, but he found all differences to disappear 
when the needle was made to oscillate in an exhausted receiver, from 
which it would appear that Mr. Christie’s results must have been 
owing to currents of air. 
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MAGNETISM (CoNTiNUisi)). 

CHAPTEE XIV. 

Ueueral Facts and Principles — Duality of the Magnetic Force — Magnetic CurvcT-; 

— Haldat’s Magnetic Figures. 

(793) The native magnet, or natural loadstone, is an ore of iron, 
consisting chiefly of the two oxides of that metal, together with a 
small proportion of quartz and alumina. It is usually of a dark grey 
hue, and has a dull metallic lustre. It is found in considerable 
masses in the iron mines of Sweden and Norway, and also in 
different parts of Arabia, China, Siam, and the Philippine Islands. 
Small loadstones have occasionally been met with among the iron 
ores of England. Tlie smallest loadstones liave generally a greater 
attractive })ower, in proportion to their size, than larger ones. They 
have been found of such a strength, that, though weighing only 
about ‘ 25 grains, they could lift a j)iecc of iron forty-Jive times 
heavier than themselves. Sir Isaac Newton Imd a small specimen, 
set in a ring, which was capable of* lifting 746 grains of iron, or 
250 times its ow n w eight ; and it is stated by Cavallo, that he has 
seen a loadstone wdiich w eighed only 6.1 grains, which lifted a w’^eight 
of 300 grains. 

(794) If wc immerse a natural loadstone — no matter of what shape 

— in a quantity of clean iron filings, w e shall find that there are two 
points exactly opposite each other, on wliich the filings arc accumu- 
lated more abundantly than on any other place, assuming the form 
show'll in Fig. 265, the lines di- Fig. 206. 

verging from the ends of the 
magnet in curves, the centre a, 
being nearly free from them. 

These are called its poles ; and il' 
ivc balance a small needle of iron 
on a pivot, and bring it near either 
of these poles, we shall find that it 
will be attracted towards it ; or, 
conversely, if we suspend the 
loadstone by a fine fibre, and bring 
into the vicinity of its poles, a 
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piece of soft iron, it will be drawn towards the iron ; a reciprocal 
attraction is exerted between them, action and re-action being equal 
and opposite. 

The power of the natural magnet is greatly 
increased by adapting two pieces of flat soft iron to 
its poles, and enclosing it in a silver or brass case. 
In Fig. 266 a magnet thus armed, is shown : A is the 
loadstone ; BB, two pieces of soft iron placed against 
its opposite poles, the lower cuds turning inwards, 
and fastened by transverse bars of copper, c c, to the 
brass case which surrounds the sides and upper part 
of the stone. In the top of the box is inserted a 
ring, B, for the purpose of suspending the whole; 
and to the lower part of the armature is adapted a 
piece of soft iron, with a hook, on which is hung as 
much weight as the strength of the magnet will bear. 

(795) When a piece of steel has been rendered magnetic, it exhibits 
the same properties as the natural loadstone ; and since w'e are in 
the possession of a variety of methods of communicating to it this 
state, the artificial magnet is alw^ays employed in experimental inves- 
tigations. We shall describe some of the most approved methods of 
magnetizing iron presently : in the meantime, we sliall only observe 
that, for the exhibition of the experiments we shall first have to 
allude to, the following simple and ready method will be found 
amply sufficient for communicating to small bars of steel the requi- 
site degree of Magnetism. (Scoresby.) 

Break off sharply with a pair of pliers, about 3 inches of a 
thick steel knitting needle, and give it several smart blows with a 
hammer, while its smooth and rounded end rests on the knob of a 
poker held vertically between the knees, the poker itself having been 
previously hammered while in this position. The wire will, by this 
tieatment, become magnetic. The downward end, wliile under 
percussion, being a north pole. If the bar to be magnetized be 
placed between two iron rods (the lower one having been previously 
Fig. 267. hammered) and the hammer tlien ap- 

plied ‘to the top of the pile, increased 
eftccts are obtained. 

If the bar which has been thus treat- 
ed, be suspended horizontally in a little 
stirrup of paper or metal by a fibre of 
silk, (Fig. 267), and if all bodies of a 
ferruginous nature be removed from its vi- 
cinity, it wdll, after a few' oscillations, take 
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up a position nearly north and south ; and if it be disturbed from 
this position, and placed in any other, it will not remain there ; 
but as soon as it is at liberty to move, it will resume its former 
position* It will also possess the power of communicating Magnetism 
to hard steel 'pexmanently^ and to soft iron temporarily , the degree of 
strength, of course, depending on its own power, and with respect to 
the steel, on the time which it is suspended. If two magnetized bars 
be poised and placed in different positions respecting each other, it 
will be found that in some cases they appear to be attracted towards 
each other, while in others they manifest a mutual repulsion. This, 
however, does not happen capriciously ; the two north poles and the 
two south poles invariably repel each other ; but the north pole of one 
magnet always attracts, and is of course attracted by the south pole 
of the other. An excellent extemporaneous pivot for a needle or 
bar may be formed by inverting a common precipitating glass on a 
pivot, and laying the bar on it. The bar may likewise be laid upon 
the centre of a clean w atch-glass,' on which, because of the curvature of 
the glass, it will rest as on a point, and perfect freedom of motion 
will be obtained by tapping the table near the watch-glass with the 
knuckle. 

(796) If the bar thus rendered magnetic be S 2 )rinkled over wdth, or 
rolled into, fine iron filings, the filings will be observed to adhere to 
it, in the form of bristling tufts (Fig. 268), but by no means in a 
uniform manner : at the extremities, e e' the iron filaments will he 


Fig. 2G8. 



in • 


very long, standing out perpendicularly from the surface. As the 
centre of the bar is approached they will become shorter, gradually 
taking up a more and more inclined position, and adhering in smaller 
and smaller tufts as the central line m m is approached. In the 
immediate neighbourhood of this line no filings are attracted ; this, 
therefore, is called the neutral line, and the two halves of the harp 
are called the magnetic poles. Every magnet, natural or artificial, 
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possesses essentially tins neutral line and these magnetic poles ; it 
sometimes, however, happens that a magnetized bar possesses more 
than two poles, two or more poles alternating between those situated 
at either extremity of the bar. A magnet in this condition is said to 
hmo consecutive poles,^^ , 

(797) In order to communicate Magnetism from a natural or arti- 

ficial magnet to unmagnetized iron or steel, it is not necessary that 
the two bodies should be in contact. The communication is eflected 
as perfectly, though more feebly, when the bodies are separated by 
space. Thus, in Fig. 269, if Fig. 200. 

the north pole of an artificial ^ ^ ^ n s A s' n 

steel magnet A, be placed 1 1 J 1 

near the extremity /S', of a ^ ® c 

piece of soft iron H, the end s, will instantly acquire the properties 
of a south pole, and the opposite end n, those of a north pole. The 
opposite poles woidd have been produced at n and 6', if the south 
l)ole s, of the magnet A, had been placed near the iron 2?. 

In like manner, the iron 2?, though only temporarily magnetic, ill 
render another piece of iron C, and this again, another piece D, tem- 
porarily magnetic, north and south poles being produced at n\ s\ 
and s'\ 

(798) Here we cannot fail to observe a pointed analogy between 
the phenomena of magnetic attraction and repulsion, and those of 
electrical. In both there exists the same character of double agen- 
cies of opposite kind, capable, when 8(^parate, of acting with great 
energy, and being, when combined together, perfectly neutralized, 
and exhibiting no sign^ of activity. As there arc two electrical, so 
there arc also two magnetic powers ; and both sets of phenomena are 
governed by the same characteristic laws. So also in the last expe- 
riment, the Magnetism inherent in B, C, 2), is said to be induced by 
the presence of the real magnet A ; and the phenomena are exactly 
analogous to the communication of Electricity to unelectrified bodies 
by induction, the positive state inducing the negative, and the nega- 
tive the positive, in the parts of a conductor placed in a state of 
insulation near an electrified body. 

(799) A simple experiment will satisfactorily show that soft iron 

possesses magnetic properties, while it remaius in the vicinity of a 
magnet. Let A (Fig. 270) be a magnet, Fiir. 270. 

and K a key, held either horizontally near ^ 

one of its poles, or near its lower edge. 

Then if another light piece of iron, such 
as a small nail, be applied to the other 
end of the key, the nail wdll hang from 
the key, and wdll continue to do so while 
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the magnet is slowly withdrawn ; but when it lias been removed 
beyond a certain distance, the nail will drop from the key, because 
the Magnetism induced on the key becomes at that distance too 
weak to support the weight of the nail. That this is the real cause 
of its falling off; may be proved, by taking a still lighter fragment of 
iron, such as a piece of very slender wire, and applying it to the key. 
The Magnetism of the key will still be sufficiently strong to support 
the wire, though it cannot the nail ; and it will continue to support 
it, even wdien the magnet is yet further removed ; it at length, how- 
ever, drops off. 

If the key be held above a portion of iron filings, they w ill not bo 
attracted by it ; but if the magnet be then brought near the ring ol 
the key, as in the figure, the iron filings will instantly start up, and 
bo attracted by the key. 

(800) It has been observed, that in all cases where a magnet at- 
tracts iron, a reaction takes place, the iron attracting the magnet ; 
it is the same wdth a bar of iron on which Magnetism has been 
induced. It reacts upon the magnet, which induces its Magnetism, 
aud increases its magnetic intensity. Hence, w'e derive a distinct 
explanation of the remarkable facts, that a magnet has its power 
increased by having a bar of iron placed in contact with one of its 
polos, and that we can gradually add more weight to that which is 
carried by the magnet, provided w’e make the addition slowly, and in 
small quantities, the powder of the magnet being increased by the 
reaction of each separate piece of iron that it is made to carry. 

These fiicts enable us to explain the phenomena of magnetic 
attraction and repulsion. The magnet attracts a piece of iron by 
inducing an opposite polarity at the end in contact with it ; and the 
two opjiosite princijdes attract each other. In like manner, the 
north pole of one magnet attracts the south pole of the other ; and 
the nortli and south poles repel each other, in consequence of the 
attraction and repulsion of the opposite and similar principles. The 
attraction of iron filings is explained in the same way. The particle 
of iron next the magnet, has Magnetism iiiduced on it, and it becomes 
a minute magnet, like J5, Fig. 269. This particle again makes the 
next particle a magnet, like C, and so on, the opposite polarity in 
each particle of the filings attracting one another, as if they were 
real magnets. 

(801) In comparing the amount of the attractive force of two dis- 
similar poles of two magnets, with the amount of the repulsive force 
of the tw'o similar poles, it has been found that the former force is 
considerably greater than the latter. This result is a necessary 
consequence of the inductive process above described. When the 
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two attracting poles are in contact, each magnet tends to increase 
the power of the other, by developing the opposite magnetic states 
in the adjacent halves, and thus increasing their mutual attraction. 
But when the two repelling poles are brought into contact, the 
action of each half brought into contact, has a tendency to develope 
in that half, a Magnetism opposite to that which, it really possesses, 
and thus to diminish the two similar principles, and weaken their 
repulsive power. This injurious influence of opposite poles upon 
the repulsive power of the magnets in action, is well exhibited when 
one of the magnets is very powerful, and the other very weak. 
When the two similar poles are held at a moderate distance, a 
repulsion is distinctly exhibited ; but when they are brought into 
contact, the stronger attracts the weaker magnet, an effect which is 
produced by its actually destroying the similar weak Magnetism in 
in the half next to it, and inducing in that half the opposite 
Magnetism, which of course occasions attraction. 

(802) The law regulating the variation of the intensity of the 
magnetic forces, both attractive and repulsive at different distances, 
has been submitted to careful investigation by several eminent 
mathematicians, and the general result has been it is the same that 
obtains in Electricity and in gravitation, viz., that the intensity of 
the force by which magnetic polarities act on each other is inversely 
as the square of the distance, a law which seems common to all forces 
emanating in every direction from a central agent. 

(803) The process of induction is in its operation independent of 
the relative positions of the magnet and the soft iron. Thus in Fig. 

271, let A be the permanent steel 
magnet, and B and C pieces of soft 
iron. The two ends s s will become 
south poles, and the opposite ends 
n n, north poles, under the inducing 
influence of A ; but C will become 
more powerfully magnetic than B, 
because from its inclined position 
the pole S of the steel bar A begins 
to exert an inductive influence on n. From this it is evident that 
the most favourable position in which a bar can be placed for 
receiving the full inductive influence of both poles is that of 
Fig. 272 . parallelism, as shown in Fig. 272. The 

effects become somewhat complicated 

^ when the inducing bar is brought either 

‘ ' ^ very near, or in contact with, the iron bar 

n I I s in other positions than the ends. Thus if 

^ we bring the north end of a magnetized 


Fig. 271. 
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Fig.* 273. 




bar opposite the centre of a soft iron rod, the two ends of the rod 
will become temporarily two north poles, a south pole 
being induced in the centre. In like maimer the star- 
shaped piece of iron (Fig. 273) will have south poles 
at « ^ on bringing the S pole of the bar S opposite 
its centre. If a circular iron plate be substituted 
for the star, then every part of its circumference 
will have a southern polarity. 

(804) The experiment illustrated in Fig. 274, shows the openitioii 
of magnetic induction in a very instructive manner. Pig 274. 
Several .soft iron wires are suspended from the N 
pole of a strong bar magnet. The wires immediately 
become temporarily magnetic, their S poles being 
determined towards the N pole of the inducing bar, 
and their opposite extremities becoming n poles. 

Both ends have a natural tendency to repel each 
other, but the S ends are prevented from yielding 
to their repulsive influences in consequence of their 
strong adhesion to N. The n poles not being under 
the influence of this restraining power avoid one 
another, as represented in Fig. 274. Again, in the 
following experiment of Cavallo, we have well illustrated the mutual 
repulsive action of similar poles. Two pieces of soft iron (Fig. 275) 
are suspended by threads from a ring or hook, so as to have free 
liberty of motion, on bringing either, say the N pole of a strong bar 
magnet, at a certain distance below the 
wires, the wires become inductively mag- 
netic, and their similar S poles being 
determined towards N, a mutual repulsion 
is set up. If now the magnet A be ap- 
proached very near to the wires, the repul- 
sion of the s s ends of tlie wires gives 
place to an apparent attraction; this is 
caused by the stronger attraction of A, for 
both wires overcoming their own mutual 
repulsions ; the repulsion of the n ends of 
the wires is, however, now rendered evi- 
dent, and the nearer the inducing magnet 
is brought to the wires the stronger will 
this repulsion be manifested. On removing 
A, the wires immediately collapse, and fall 
into a parallel and vertical position, the Magnetism induced upon 
them being merely of a temporary nature. When fine steel needles 
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are substituted for soft iron wires, it often happens that they acqiiije 
a certain aniount of permanent Magnetism, in which case they, oi* 
course, continue to repel each other after the removal of the magnetic 
bar. 

(805) The following experiment of Dr. Eobison is likewise instruct 
tiveas allowing the neutralization or destruction of induced Magnet- 
ism4)y two equal and opposite magnetic actions. A forked piece of 
Fipj. 270. soft iron, C D E, is suspended by one of its branches 



from the N pole of the magnetic bar, A B ; if the 
power of B be pretty strong, it will induce sufficient 
temporary Magnetism in C D E to enable it to hold 
in suspension the key K ; but if w^e* now bring into 
contact with the other branch of the fork the S pole 
of a second magnetic^ bar, the key will immediately 
drop off. The reason is evident .* the N pole of B 
induces a N pole at the lower end E of the fork ; 
hence its pow'er of sustaining the key ; but the S 
pole of A tends to give a southern polarity to the 
same end, and the two actions mutually destroy or 


neutralize each other. 


Again, 


Fig. 277. 



suspend any object of soft iron, as a key, from either pole of t!i(‘ 
magnetic bar A, then gradually slide over A a second similar bar B, 
taking care that the opposite poles of the two bars shall come into 
contact when the end of B arrives within a certain distance of A, the 
key wdll fall off as if the bar had lost its magnetic power ; tliis, how'- 
ever, is not the case, for on removing B the key will bo again 
supported. 

(806) We have seen the close analogy which exists between the 
phenomena of Electricity and those of Magnetism, as far as relates 
to the law of action, and the influence of induction, but beyond this 
point it fails us entirely. No natural or artificial magnet has ever 
been seen with only one pole, or with one kind of Magnetism ; Elec- 
tricity on the other hand, whether positive or negative, is not only 
capable of being excited by induction, but it may be actually trans- 
ferred from one body to another. A body may without difficulty be 
electrified positively or negatively as has been shown in a previous 
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chapter (30 — ¥2) ; but with [Magnetism there is neTer any transfer 
of properties, T)ut only the excitation of those which were already 
inherent in the body operated on. If we examine a magnetized bar, 
by laying it on a table, covering it with a sheet of white paper, or 
with a phite of thin glass, and then sifting some fine iron filings over 
it from a muslin bag, the filings will, on gently tapping the table, be 
found to arrange themselves round and about the poles of the magnet 
in a v(*ry beautiful manner, forming a succession of curves known as 
the “ magnetic curves,” (llg. 278), or “ the curved lines of magnetic 


Fig. 278. 



force” (Faraday). On examining these curves, it will be found 
that the lbr<*e decreases gradually from the poles towards the 
centre, or some point intermediate between the two poles, where it 
vanishes altogetlier. This is tlie neutral point, or as it may be called 
the equator of the magnet. If we break the magnet at this point, 
wc shall not find a north polar IMagnetism distributed uniformly over 
one ])ortioii, and a south polar IMagiietism over the oilier, but each 
half will be a perfect magnet in itself, and if examined by iron filings, 
will be found to exhibit the “curved lines of magnetic force” as 
pc'rfectly as the unbroken bar; the same will be the case if the pieces 
be again broken — other magnets will be formed, each having an equator 
and two poles; and in like manner, however numerous and minute 
the fragments into which a magnet may be divided, each part will 
be still a complete magnet with two poles 'and a neutral point. 

(807) Beautiful visual evidence of the existence of two distinct 
magnetic forces — of their mutual attractions, repulsions, and 
neutralization — are aflbrded by the phenomena presented wlien iron 
filings are submitted to the influence of the ojiposite and similar 
poles of two pairs of magnetic bars. Let the two dissimilar poles 
of two powerful bars be placed in the same line, about li or 
2 inches apart, and let the filings bo sifted through a sieve 
on a frame of drawing paper, placed OA*er them, the lilings will 
arrange themselves as shown in Fig. 270, the curved and straight 

o o 
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lines of magnetic force issuing from similar points of each bar joining 
the two poles, 

Fig. 279. 



and showing reciprocal attmction. Then let the two similar poles 
be placed opposite each other and the filings again sifted over them ; 
evidence of mutual repulsion will now be obtained, the lines of 
force being apparently conflicting, as shown in Fig. (280.) 


It sometimes happens, that either from some peculiarity in the 
structure of the bar, or from some irregularity in the magnetizing 
process, a magnet is met with having more than two poles. This 
curious condition is readily detected by examining the magnetic 
curves into which iron filings arc thrown w^hen sprinkled over the 
bar. They will be found to be distributed in the manner shown 
in Fig. 281. 

A magnetic bar in this condition is said to have consequent or 
consecutive poles. 

The fundamenta^properties of the magnetic curves were investigated 
mathematically by Dr. Hoget [Journal of the Jtoyal Institution^ Feh,, 
1831). He describes them as having the following remarkable 





property, viz., that the difference of the cosines of the angles, 
which lines drawn from any point in the curve to the two poles, 
make with the axis, taken on the same side, is constant ; and he 
constructed a system of rulers by which these curves may be 
mechanically delineated. 

(808) Sustaining Power of Electro-Magnets. — The experiments of 
Jacobi and Lenz {Pogg. Ann. xlvii., 403) led them to the conclusion 
that under conditions in other respects similar, thef total attraction, 
i.e.j the mutual adherence of two straight cylindrical electro-magnets, 
or of one electro-magnet and one armature of soft iron, is proportional 
to the sguare of the strength of the current ; to this proposition !Muller 
assents {Ann. rep. Prog, Chem. 1850). According to Barral {Comptes 
Pendus, xxv. 757), the attraction increases with the weight of the 
keeper, and reaches its maximum when the electro-magnet and keeper 
are of equal weight. The experiments of Dub agree wdth this indica- 
tion only so far that for a given electro-magnet, and a given diameter 
of keeper, a certain amount of sustaining power cannot be exceeded. 
This limit seems to depend more upon the length tlian on the weight, 
and to be more slowly attained the greater the strength of the 
current. He corroborated the result that the single coils contribute 
more to the development of the magnetic intensity of the poles, the 
nearer they are to the latter ; and that when the coils are arranged in 
different systems of equal power, the lifting power, with a constant cur- 
rent, is proportional to the square of the number of systems in action. 

The distribution of Magnetism in the polar surfaces of an electro- 
magnet was determined by Yon Koike {Pogg. Ann. Ixxxi., 321), The 
magnetic force in any given zone of the surface which intersects the 
axis of the magnet at right angles, is alw'ays greater at the edges than 
upon the surfaces ; in fact, in the case of a large horse-shoe electro- 
magnet, he found the force almost twice as great at the rim as at the 
centre. In consequence of the action of the poles upon each other, 
the weakest point was not found to be at the exact centre, but 
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approached it more and more, the less the two limbs could act 
inductively upon each other. The method of measurement adopted 
was that proposed by Pliicker, viz., by determining by means of a 
balance, the weight necessary to separate a small-pointed iron 
cylinder from a given point on the surface of the magnet. Por all 
practical purposes the numbers thus obtained may be taken to repre- 
sent the magnetic intensity of the places tested. 

The results obtained by PfatF are the following (JPescheV) : — 

1®. The amount of suspensive force is immediately dependent on 
the intensity of the electric current which circulates about the iron ; 
and the intensity of the Magnetism excited in the soft iron is exactly 
proportional to that of the electric current. 

2®. The intensity of the current continuing the same, the magnet’s 
suspensive force increases with the number of turns made by the 
wire ; or the total effect of all the coils is equal to the sum of their 
effects, if taken singly. 

3®. The attractive force of an electro-magnet increases as the mass 
of the iron composing it, and this increase is proportional to the dia- 
meters of the iron cylinders, their lengths being equal. 

4°. The purer and softer the iron, and the more homogeneous the 
mass, the stronger the Magnetism it is capable of receiving. 

5®. The form of the iron influences its suspensive power, cylinders 
carry greater weights than rectangular bars, and a hollow cylinder, 
from which a portion has been cut away so as to form a long horse- 
slioe magnet, when viewed in the direction of its axis, but a very 
short one if taken, as to its height, is capable of receiving a very 
great suspensive force ; and lastly, a slight curvature of the polar 
surface adds considerably to its power. 

(809) We are indebted to M. llaldat, of Nancy, for the discovery 
of magnetic figures analogous to those first produced with Electricity 
by M. Lichtenberg, and which may easily be exhibited. For this 
purpose he employs plates of steel, from 8 to 12 inches square, 
and from Ath to ith of an inch thick. Tlie plates which he 
used w^cre of that kind of steel which is used for the manufacture 
of cuirasses ; so that it did not require to be tempered, being sufii- 
ciently hard to preserve the Magnetism communicated to it. Figures 
of any kind may be traced on the surface of the steel p^te, either by 
one magnet or by several combined, and the best form for this pur- 
pose is that in which the poles are rounded. In this way we may 
write on a steel plate the name of a friend, or sketch a flower or 
figure, with the extremity of a magnet. If it is the south pole that 
we use, all the traces that we make will have north polar magnetism ; 
and if we shake steel filings on the plate out of a gauze bag, the 
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filings will arrange themselves in the empty spaces between the lines 
traced by the pole of the magnet, and thus represent in vacant steel 
the name which has been written, or the flower or figure which has 
been sketched. “ These 'figures,** says M. Haldat^ “ have a perfect 
resemblance to those which are formed on the surface of non-magnetic 
plates, viz., wood, card, glass, or paper, under which a magnet is 
placed. The resemblance between the two sorts of figures, when the 
magnets and the parts magnetized have the same form, is not only 
exact in the whole figure, but likewise in the smallest details. The 
filings collect at the parts w here the Magnetism is most intense, and 
they arrange themselves in pencils and radii. These curves, and 
pencils, and rays, so similar at the two poles of the same magnet, 
have such a resemblance that they do not allow us to distinguish the 
tw^o parts from one another.” 

(810) In sifting the iron filings upon the steel plate, a general 
vibration of the plate, by tapping its edge wnth the ring of a small 
key, will assist the filings in taking their proper places; but we 
must avoid such vibrations as will produce regular acoustic figures, 
unless we wisli, as M. llaldat has found to be practicable,, to unite 
the magnetic with the acoustic* figures, which produces very interest- 
ing and varied forms. 

Ill order to remove the Magnetism from the steel plates, they may 
be heated over charcoal, till they become of the straw-coloured tem- 
perature ; and to render the repolishing of them unnecessary, M. 
llaldat tins them, and the temperature at which the tin melts, 
when it is required to cftlice the Magnetism, indicates the necessary 
heat. 

(811) As the figures traced on the steel are nothing more than 
magnets of difierent forms, and are surrounded on all sides with a 
Bubstance capable of acquiring the Magnetism which may be deve- 
loped by communication, w’e might expect, as M. Haldat remarks, 
that this means of communication between the opposite poles of the 
magnets would bring them into a neutral state. This, however, is 
not the case ; and the portion of the metal which surrounds the 
magnetic figure, performs the part of the armature of a loadstone, 
and the Magnetism is thus kept up. 

The figur (^9 might be rendered permanent, by covering the steel 
plate either with a gummy or balsamic solution, which will become 
hard by exposure to the air ; or with a coating of some easily melted 
substance which becomes fixed at ordinary temperatures. If we sift 
the iron filings on the steel plate when covered with such a fluid, the 
filings will take their magnetic position round the traced lines, and 
wiU become fixed by the induration or solidification of the fluid 
coating. 
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: Mr. Faraday gives (Esc, Beaearches^ Series 29), the following 
process for Jiscing the designs on the paper ; A piece of cartridge 
paper is well moistened with a solution of one part of gum in three 
or four of water, hy means of a broad camel’s hair brush, and after 
wafting it through the air once or twice to break the bubbles, it is 
laid carefully on the filings, then covered with ten or twelve folds of 
equable soft paper ; a board is placed over the paper, and a half- 
hundred weight on the board for thirty or forty seconds ; or with a 
large design, the hand should be applied so as to rub with moderate 
pressure all over the surface equably in one direction. If after that, 
the paper be taken up, all the filings will be found to a4here to it, 
and when dry are firmly fixed. If a little solution of red ferro-prus- 
siate of potash, and a small proportion of tartaric acid is added to the 
gum water, a yellow tint will be given to the paper, and Prussian 
blue will be formed under every particle of iron, and then if the 
filings be removed, the designs still remain recorded. When the 
designs are to be pre.served in blue only, the gum may be dispensed 
with. 
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MAGNETISM— Continued. 
CIIAPTEE XV. 


Methods of mahiDg artificial magnets — Processes of Knight, Scoresby, Duhamel, 
Michell, Canton, Epinus, Coulomb, Barlow, Elias — Circumstances which affect 
the energy of artificial magnets — Laws of magnetic combinations — Useful ap- 
plication of the magnetic powers — Laws of magnetic force. 


(812) Methods of making Artificial Magnets. — For the impregnation 
of small bars or plates, the following simple process will be effectual. 
Draw the bar (which should be of a w^ell hardened steel, tempered 
by plunging it at a cherry -red heat into cold w^ater, and afterwards 
polished) a few times across the poles of an armed natural loadstone, 
or an artificial horse-shoe magnet, taking care not to remove the bar 
from either extremity of the inducing magnet, and to terminate the 
operation when its extremities are equi-distant from either pole of 
the horse-shoe, that is, when the poles of the latter are as nearly as 
possible at the centre of the bar. In this position remove it, and it 
will be found to have acquired all the magnetic power it is capable 
of receiving. For larger bars, a great variety of processes have been 
invented. The first of these was that of Mr. Knight. This method 
which was kept a secret during liis lifetime, but w hich was made 
public after his death by Mr. Wilson, consisted in placing the bar to 
be magnetized, after having tempered it at a cherry -red heat, under 
the poles N S, (Fig. 282) of two equal magnets. These magnets 


are then separated 
in opposite direc- 
tions, S A, N A, so 
that the south pole 
of the one should 


Fig. 2S2. 



pass over the north polar half, B n, of the bar, B, and the north pole, 
N, of the other half over the south polar half, B s, of B ; this oper- 
ation is repeated several times till the magnetization of the bar B is 
fully developed. 

(813) This method is modified by Scoresby {Magnetical Investiga- 
tions^ 1839), by placing the bar to be magnetized, above, instead of 
beneath, the magnets employed in the operation, by which great 
facility is given for the performance of the requisite manipulations, 
and for the maximum development of the magnetic condition. The 
plate to be magnetized is laid flat upon the magnets, so as to extend 
equally over the surface of both. The bars are then drawn asunder, 
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till the plate just rests with its extremities in contact with the 
extreme poles of the magnets, and tlicn it is slid off sideways, and 
removed to some distance, preserving the parallelism of its position 
with that of the magnets, till these are restored to the proximity with 
which the operation commenced. The process is repeated with the 
other side of the plate in contact with the magnets, and in the case 
of thin small plates — sea compass-needles for instance — the condition 
of saturation is found to be obtained. Usually, however, four 
strokes are given, two on each side ; and in hard short bars, six or 
eight strokes are given, partly on the edges. A dozen compass- 
needles may thus be magnetized to saturation in five or six minutes, 
and by means of a pair of strong two-feet magnets, compass needles 
or dipping needles of the usual form, can be brought to their 
maximum power without removing their agate caps or centres. 

Soon after the publication of Dr. Knight's method, small 
bars thus magnetized were distributed all over Europe, and were 
eagerly sought after by the cultivators of natural philosophy. When 
the process, however, was aj)plied to bars of large size, it was found 
to be defective ; philosophers therefore renewed their efforts to devise 
methods of greater and more universal efficacy. The next improve- 
ment was made by M. Duhamel, of the Academy of Sciences, in con- 
junction with M. Antheaume. The process is represented in Eig. 283. 
The bars i? i? to be magnetized, are placed paralled to each other, and 

have their extremities united 
by two pieces, J/w, of soft iron, 
at right angles to the bars ; two 
strong magnets, or two bundles 
of small bar magnets, A A\ 
having their similar poles to- 
gether, are placed as in the 
figure, at an angle of about 
90®, or inclined at 45® to the bar B, and then separated from each 
other, as in Dr. Knight’s method ; the same operation is repeated on 
the other bar B, and continued alternately on both, till the Magnetism 
is supposed to be completely developed in both bars. When A A' are 
placed on the second bar B, the disposition of the poles must be 
reversed ; the pole that was formerly to the right hand being now 
turned to the left. The two bars B B are then turned, so that the 
undermost faces are uppermost, and the same process carried on as 
before. 

The peculiarity of Duhamel’s process consists in the employment 
of the pieces of iron M m, and in the use of bundles of small bars, 
which are more efficacious than two single ones of the same size. In 
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proportion also as tlie steel bars acquire Magnetism, the connecting 
pieces participate in the acquisition of a similar power, and serve to 
retain it in the bars themselves ; just as the Electricity which is 
imparted to the inner coating of a Leyden jar, is retained by the 
reciprocal influence of the induced, and contrary Electricity of the 
outer coating. The Magnetism of the bars is retained by a similar 
influence, and greater facility is thus afforded to increase its amount, 
by the subsequent additions it is receiving from the action of the 
magnets, as they pass along the surface. 

(815) About the same time that Duhamel was occupied with this 
subject, Mr. Michell, of Cambridge, and Mr. Canton, were separately 
engaged in the same inquiry. Mr. Michell published his method in 
1750, to which he gave the name of method hy double touch. Having 
joined together, at the distance of 1th of an inch, two bundles 
of strongly magnetized 
bars, A A' (Fig. 284), 
their opposite poles, A' >9, 
being together, he placed 
ffvc or more equal steel 

bars, Ji B’ B’ B" B", t 

ill the same straight 
line, and resting the extremity of the bundle of magnets, A A\ upon 
the middle of the central bar, i?, he moved them backwards and for- 
wards throughout the whole length of the line of bars, repeating the 
operation on each side of the bars, till the greatest possible effect 
was produced. By this method !Mr. Michell found that the middle 
steel bars, jB' J?', acquired a very high degree of magnetic virtue, 
and greater than the outer bars, -B" ; but by placing these last 
bars in the middle of the series, and repeating the operation, they 
acquired the same power as the rest. Mr. Michell states that two 
magnets will, by his process of double touch, communicate as strong 
a magnetic virtue to a steel bar as a single magnet of five times 
the strength when used in the process of single touch. The bars 
A A! act with the sum of their powers in developing Magnetism in 
all parts of the line of the bars between them, and with tho differ- 
ence of their powers in all parts of the line beyond them. The 
external bars act the same part in this process as the two pieces 
of soft iron in the method of Duhamel. 

(816) Mr. Canton placed the bars as in DuhameFs method, 
joined by pieces of soft iron. He then applied Michell’s method 
of double touch, and afterwards he separated the two bundles of 
magnets, A A ' ; and having inclined them to each other, as in Dii- 
hamel’s method, he made them rub upon the bar from the middle to 


Fig, ‘284. 
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its extremities. The peculiarity of Canton’s method is the union of 
these two processes ; but Coulomb and others are of opinion that 
the latter part of the process is the only effectual one. 

(817) In order to make artificial magnets, without the aid either of 
natural loadstones or artificial magnets, Mr. Cahton gives the follow- 
ing detailed process : — 

He takes six bars of soft, and six of hard steel ; the former being 
smaller than the latter. The bars of soft steel should be 3 inches 
long, ;|th of an inch broad, and -Ath thick ; and two pieces of 
iron must be provided, each having half the length of one of the 
bars, and the same breadth and thickness. The bars of hard steel 
should be each 5J inches long, \ an inch broad, and Aths of an inch 
thick, with tAvo pieces of iron of half the length, and of the same 

All the bars being marked with a 
line quite round them at one end, 
take an iron poker and tongs, or two 
bars of iron (the larger and the 
older the better), and fixing the 
poker upright, as in Pig. 285, hold 
to it with the left hand near the 
top, P, by a silk thread, one of the 
soft bars, B, having its marked end 
downwards; then grasping the tongs, 
T, with the right hand a little below 
their middle, and keeping them 
nearly in a vertical liiie, let the bar, 
B, be rubbed with the lower end, L, 
of the tongs, from the marked end of 
the bar to its upper end, about ten 
times on each side of it. By this 
means the bar, B, will receive as 
much Magnetism as will enable it 
to lift a small key at the marked 
end; and when suspended by its 
middle, or made to rest on a point, this end will turn to the norths 
and is called its north pole, the unmarked end being the south pole. 

When four of the soft steel bars are thus rendered magnetic, the 
other two, AC,JB D, Pig. 286, must be laid parallel to each other, at 
the distance of about cne-fourth of an inch, having their dissimilar 
poles united by the smallest pieces of iron, A JB, C, D, Two of the 
magnetized bars are then to be placed together, as at G, with their 
similar poles united, and when separated by a piece of wood, at J, 


breadth and thickness. 
Fig. 285. 
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they are slid four or five times Fig. 286. 

backwards and forwards along 
the whole length of the bar, 

A O, so that the marked end, jP, 
of G is nearest the unmarked 
end of A C, and vice versa. 

This operation is carefully re- 
peated on B B, and on the other 
sides of both A C and B D, 

‘When tliis is done, the bars A G 
and I) are to be taken up and substituted for the two outer bars of 
the bundles G K; these last being laid down in the place of the 
former, and magnetized in a similar manner. This operation must 
be repeated, till each pair of the soft bars has been magnetized 
three or four times. 

When the six soft bars are thus magnetized, they must be formed 
into tw'o bundles of three each, with their similar poles together, and 
must bo used to magnetize two of the hard bars in the manner 
already described ; and when they are magnetized, other two of the 
hard bars must be touched in a similar manner. The soft bars are 
now to be laid aside, and the remaining tw o hard bars magnetized by 
the four hard bars already rendered magnetic ; and when this is 
done, the operation should be repeated by interchanging the hard 
bars, till they are impregnated with the greatest degree of per- 
manent Magnetism which this method is capable of communicating 
to them. 

(818) In performing the above operations, w^hich may be completed 
in about half an hour, the bars A C, B B, and the pieces A B, C B, 
should be placed in grooves or fixed between pins of wood or brass, 
to keep them steady during the successive frictions which are applied 
to them. According to. Canton, each of the six artificial magnets 
thus made, will lift about tw^enty-eight ounces troy. They should be 
kept in a w'ooden box, and placed so that no two poles of the same 
name may be together, — ^the pieces of iron being placed beside them. 

(819) The method of ‘‘ double touch,” introduced by Michell and 
Duhamel, was much improved by Epinus, who substituted magnetic 
bars for the pieces of soft iron Mm, forming the rectangle (Eig. 283). 
He then inclined the bundles of magnetic bars which formed his 
battery, and separating their dissimilar poles by a piece of wood, he 
passed them backwards along the whole length first of one of the 
steel bars, and then of the other, taking care to reverse the poles 
when passing from one bar to the other ; the process was then re- 
peated on the other sides of the bars. Epinus foimd that a maximum 
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effect was produced when the magnetizing bars were inclined 20® or 
30® to the steel bars over which they passed. 

Scoresby modifies this process by passing a horse-shoe magnetic 
battery round the whole parallelogram of steel bars in the same 
direction, terminating at the middle of one of the bars, instead of 
limiting the manipulations to the extent of the steel bars separately 
from end to end. For a pair of bars, tempered from end to end, 2 
feet in length, 1*5 inch broad, and 0*6 inch thick, two circuits only 
of the parallelogram on each side of the bars by the large 
magnets were necessary, and in order to avoid hitching, and to make 
the magnet pass smoothly, the surfaces of the bars should bo slightly 
oiled. By this modification of Epinus, Scoresby states that he was 
enabled to obtain one-seventh the additional power in two heavy bars. 

(820) The following is an account of Coulomb’s method of making 
artificial magnets, which consists of the most efficacious parts of the 
preceding processes, improved and extended by long experience. 
The apparatus which ho uses consists of fixed and moving bundles of 
magnets. Each of the fixed bundles consists of ten bars of steel, 
tempered at a cherry -red heat, their length being about 21 
inches, their breadth Aths of an inch, and their thickness 
ith of an inch. Having rendered them as -strongly magnetic as 
possible, with a natural or artificial magnet, he joined them with 
their similar poles together, and formed them into two beds of four 
bars each, these beds being separated by small rectangular parallelo- 
pipeds, m n, of soft iron, projecting beyond their extremities, as 
Fig. 287. shown in Eig. 287. The moving bundles 

— ^ consist of four bars tempered at a cherry- 

— red heat, each being about 16 inches long, 

1 ^ 0 ths of an inch wide, and -i*bths of an inch 
■ ^ thick. When these bars were magnetized in 

the same way as the other bars, he united, two of them by their 
width, and two of them by their thickness, so that each bundle was 
l-j^oth inch wide, and Aths thick. The bars being separated as 
before, by pieces of soft iron. Coulomb found that all kinds of steel, 
provided the quality was good, were capable of receiving the same 
degree of Magnetism. In order to magnetize a bar, he placed the 
large fixed bundles, M N, (Eig. 288) in the same straight line, and at a 
distance of a little less than the length of the bar to be magnetized ; 
and this bar, B B, was placed as in the figure, so as to rest on the 
projecting pieces of iron, so that the contact took place only over a 
length of 4 th of an inch : the two moving bundles, A A', having 
their dissimilar poles separated by a small piece of wood or copper, 
about 1th of an inch wide, between them ; and each being in- 
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Fig. 288. 



dined at an angle of 20® or 30° to the bar, B B'. The united poles 
of the moving bundles are then moved successively from the centre 
to each extremity of the bar, B B', so that the number of frictions 
upon each half of the bar may be equal. When the last friction has 
been given, the united poles are brought to the middle point of the 
bar, B B', and tlien withdrawn perpendicularly. The same operation 
is then repeated on the other side of the bar, B B'. If we wish to 
employ the method of Diihamel, we do not require the piece of wood 
or copper, but have only to separate the bars when the united poles 
are in the middle of the bar, B B', making each pole pass to the 
extremity of it. 

(821) If the pieces composing the moveable magnets have not re- 

ceived their full power, they will, notwithstanding, communicate to 
the bars subjected to their action, a greater degree of Magnetism than 
they possess themselves. We may therefore now increase their 
power, by repeating the process on them with the bars which they 
have tlicinselves impregnated : by so doing three or four times, we 
shall succeed in effecting their complete saturation. If the bars to 
be magnetized be very large, Coulomb recommends an increase of 
the number of the moveable magnets, each of the bars projecting 
beyond the last, as shov> n in Fig. 289. Thus Fig. 289. 

the pole of each, which Coulomb supposes 
generally to reside at the very extremity of 
the bar, will come immediately in contact 
with the bar to be magnetized, when tne 
compound magnet is applied to it with the proper inclination, and the 
whole will powerfully conspire to produce the same effect. 

(822) Horse-shoe Magnets , — The form of a horse-shoe is generally 
given to magnetic bars when both poles are wanted to act together, 
which frequently happens in various experiments ; such as for lifting 
weights by the force of magnetic attraction, and for magnetizing steel 
bars by the process of double touch, for which they are exceedingly 
convenient ; fulfilling in this operation all the purposes of compound 
magnets. 
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(823) The following is the method of making a powerful magnetic 
battery of the horse-shoe form, recommended by Professor Barlow : 
“ Take bars of steel, 12 inches long, and bend them into a horse- 
shoe shape, their length being 6 inches, their breadth 1 inch at 
the curved part, and |ths of an inch at' their extremities, and 
their thickness ith of an inch. Let them be filed nicely, so as to 
correspond, and lie flatly upon each other. Then drill two holes 


Fig. 290. 



in each, as shown in Fig. 290, and by means of 
screws, V V, passing through these holes, let nirie 
horse-shoe bars be bound together. When the 
heads and ends of the screws are constructed so as 
to leave the outer surfaces smooth, the mass of 
bars must be filed as if they were one piece, and 
the surface made flat and smooth. When the bars 
are separated, let them be carefully hardened so as 
not to warp ; and when they are cleaned and ren- 
dered bright, but not polished, magnetize them 
separately in the following manner: When the 
two extremities of the bar are connected by a piece 



of soft iron, M, the Magnetism 
may be developed in the two 
halves by Duhamel’s method, as 
in Fig. 283 ; or, following Epinus, 
a strong magnet may be applied 
to each pole, and their extremities 


Fig. 292. 



connected either with a piece of soft iron or another magnet, or two 
horse-shoe magnets may be applied to each other, as in Fig. 292, 
uniting the poles which are to be of contrary names. When the 
ma^ets are prepared in any of these ways, they are then to be mag- 
netized with another horse-shoe magnet, by placing its north pole 
next to what is to be the south pole of one of the horse-shoe bars 
and then carrying the moveable magnet round and round, but always 
in the same direction. In this way, a very high degree of magnetic 
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virtue may be communicated to each of the nine bars. When this is 
done, they are to be reunited by the three screws ; and their poles 
or extremities connected by a piece of soft iron, or lifter, as in Eig. 34«, 
having in its middle a hook, H, for suspending any weight. As the 
lifting power depends on the accurate contact of the poles of the 
magnet with the lifter, the extremities should, after hardening, be 
properly rubbed down witli putty on a flat surface. 

A magnet of this size and form was found by Professor Barlow to 
suspend forty 'pounds ; but he afterwards found, that a greater pro- 
portional power could be obtained by using bars that were long in 
comparison with their breadth. 

(824) The following is another simple and efficacious method of 
making artificial magnets, which has been successfully practised by 
Mr. Barlow. Having occasion for thirty-six magnets, 12 inches 
long, inch broad, and Aths of an inch thick, he placed 
thirty-six bars of steel of these dimensions on a table, so as to 
form a square, having nine bars on each side, the marked or north 
pole of each bar being in contact with the unmarked or south 
pole. At the angular points of the square, the under edges of the 
bars were brought into contact, and the external opening thus left 
was filled up by a piece of iron 11 inch square, and i^fiths of an 
inch thick. The horse-shoe magnet described in the preceding 
section, was set upon one of the bars, so that its nortJt pole was 
towards the unmarked end of the bar, and was then carried or rubbed 
along the four sides of the bars, and the operation was continued till 
the compound magnet had gone twelve times round the square. 
Without removing the magnet, each bar was turned one by one, so as 
to bring their lower sides uppermost, and the horse-shoe magnet was 
made to rub along the four sides of the square other twelve times. 
The bars were then highly magnetized, and the whole process did 
not occupy more than half an hour. 

(825) This last process is the simplest, quickest, and most efiicacious 
of all the methods that have been described ; so that when a person 
is in possession of one good horse-shoe magnet, consisting of three or 
four bars joined together, he may afterwards make any number at 
the same time : indeed, tho more the better. In removing the bars 
from each other after they have undergone the operation, it is ad- 
visable to place small pieces of soft iron on the poles of each before 
they are separated ; for it is a fact well known to experimentalists, 
that a very considerable portion of the power of a bar is lost at the 
moment of its separation from others that have been impregnated 
with it ; nor is it possible by any means to secure the whole of the 
Magnetism that has been given to it. By following the plan recom- 
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mended above, however, it will be found that a much larger portion 
is retained. The whole of the bars become in fact, as one single 
magnet ; and the act of separation is, of ci)urse, analogous to that of 
fracture. 

(826) Magnets should, when laid aside, be placed as nearly as pos- 
sible in the position which they would assume in consequence of the 
action of terrestrial Magnetism. If this be neglected, in process of 
time they will become gradually weaker ; and this deterioration is 
most accelerated when its poles have a position the reverse of the 
natural one. Under these circumstances indeed, unless the magnet 
be made of the hardest steel, it will eventually lose the whole of its 
magnetic power. Two magnets may also very much weaken each 
other, if they be kept, even for a short time, with their similar poles 
fronting each other. This will readily be understood from what has 
been said with regard to magnetic induction. The polarity of the 
weaker magnet is rapidly impaired, and sometimes actually reversed. 
All rough and violent treatment of a magnet should also be carefully 
avoided : every concussion or vibration amongst its particles tends to 
weaken its power. 

(827) llorse-shoe magnets should have a short bar of soft iron, 
adapted to connect the two poles ; and should never be laid by with- 
out such a piece of iron adhering to them. Bar magnets should be 
kept in pairs, with their poles turned in contrary directions, and the 
dissimilar poles on each side connected by a bar of soft iron, so that 
the whole may form a parallelogram. They should fit into a box 
when thus arranged, so as to guard against accidental concussion, and 
to preserve them from the dam])ness of the atmosphere. They should 
be poliohed, not with a view of increasing their Magnetism, but 
because they are then less liable to contract rust. Boili single 
magnets and needles have their powers not only preserved but 
increased, by keeping them surrounded with a mass of dry filings of 
soft iron, each particle of which will react, by its induced Magnetism, 
upon the point of the magnet to which it adheres, and maintain in 
that point its primitive magnetic state. 

(828) The following simple method of magnetizing steel bars was 
published i)y M. P. Elias, of Haarlem {Phil. vol. 25, p. 348). 

Fig. 293. 
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Prom 23 to 25 feet of well insulated copper wire are wound so as to 
form a hollow, very short, but very thick, cylinder. A current from 
a strong voltaic pair is passed through the wire, and the steel bar to 
bo magnetized is placed in the cylinder in which it is moved up 
and down to the very ends. When the central portion of the steel 
bar again occupies the cylinder, the circuit is opened, and the bar, 
which is n«)w perfectly magnetized, is withdrawn. When the bar is 
curved in the form of a horse-shoe, it is well to close it with its 
keeper during magnetizing ; and when a straight one, to provide it 
at top and bottom with a piece of soft iron. The wire employed is 
i tli of an inch in thickness. The voltaic apparatus is a sinyie pair 
of Grove’s (368), which has -Jrd of a square foot of active platinum. 
The resistance wdiich the current meets with in this batteiy^, is equal 
to tliat of a clean copper wire, - 2 ^>rth of an inch in diameter, and 
13 inches long. The liollow cylinder is 1 inch high ; the bore nearly 
1| iiicli in diameter, and the sides 1^ inch thick. By means of 
this process, a steel horse-shoe bar, weighing 34 pounds, was magne- 
tized to satiiration by one single passage through a cylinder, con- 
structed purposely for the experiment. 

This mode of magnetizing is nothing more than the double passing 
of Duhamel or Michell, by means of galvanism and far more 
powerful, easy, and certain. As in the double passing, the opposite 
poles of the magui^ employed must be kept close together, so as to 
exert successively their greatest action upon each small part of the 
bar to be magnetized ; in like manner the cylinder is made quite 
short, that each portion of the bar may experience the entire force of 
the voltaic element. Instead of a helix, Bdttger {Pofffjf, Ann., Ixvii. 
115) recommends a band-spiral of copper, which admits of obtaining 
the recjuired amount of inductive power with the smallest amount of 
copper. By means of a spiral, weighing lbs., 1 millimetre thick, 
and 20 broad, a G-lbs. bur of very hard cast steel, when its poles weVe 
united with an armature of soft iron, was magnetized to saturation, 
as completely as it could have been by any known process of 
communicating permanent Magnetfem, merely by passing the spiral 
once backwards and forwards along the bar. The same bar without 
the aid of the armature, even if the spiral were passed over It many 
times, did not assume more than 0*6 of this power. The celebrated 
Logeman magnets are made according to the method of Elias ; their 
strength in proportion to the quantity of steel, is unusually great. 
Poggendorff describes a small horse-sboe magnet, weighing rather 
over a pound, which possessed a constant lifting power of 31^ lbs. 

(829) Circ\m8t<mce9 which affect the Energy Artificial Magnets . — 

p P 
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Quality of steel denomination (such as cast steel, shear steel, blister 
steel, &c.), temper or hardness, mass and form, are stated by Dr. 
Scoresby {Brit. Assoc., Cork, 1843) to be among the principal. 
From the varying influence of these circumstances, it is impossible 
to give a general answer to the inquiry as to the best kind and 
temper of steel bars for permanent magnets. For large compound 
magnets, the best cast steel made as hard as possible, is the most 
eflective ; for small magnets and thin compass-needless, cast steel, 
tempered, is the best. The power of a magnet is essentially depen- 
dent on both quality and hardness. Scoresby has determined experi- 
mentally, that proportional magnets of similar steel and temper, are 
not energetic proportionally with their masses ; in other words, that 
two magnets, one for instance, in all its dimensions being double that 
of the other, will not exhibit power corresponding with the masses, 
or in proportion to the cubes of their lengths ; the proportions instead 
of being as : 2® = 8, would perhaps be found to be as 1 to 5 or 6 
only. From this he infers that magnets cannot be advantageously 
enlarged to an indefinite extent. Scoresby also found that the same 
condition did not obtain with straight bars and with horse-shoes ; 
that whereas with the former, in large combinations, extreme hardness 
is the most eflective ; in horse-shoes, the bars must be annealed 
at a temperature of about 505"^, to give them their greatest lifting 
powers. 

(830) Directive Bower of Magnetized Bars. — For ascertaining this 
point, Coulomb employed his balance of torsion (56). Dr. Scoresby, 
however, recommends as sufficiently exact for practical purposes 
generally, the method of deviations. The bars to be examined and 
compared are laid in a horizontal position, and at right angles to the 
magnetic meridian, so as to be precisely in the plane of tlic magnetic 
equator of the earth, in order that they nmy receive no inductive 
influence whatever from terrestrial Magnetism, and thus exhibit only 
their own actual energy. A compass needle is suspended at a given 
distance, say five or six times the length of the compass needle, and 
the tangents of deviation produced by the difierent bars, provided 
they are of the same length, afibrd a satisfactory estimate of their 
proportional powers. 

In order to ascertain the relative strength or tenaciousness of mag- 
netic bars, compass needles, &c., Scoresby first ascertains their direc- 
tive energy separately, and then binds them up into a bundle with 
their corresponding poles in contact ; he. then takes them apart, and 
again determines their directive energy. Sometimes the bars have 
their poles reversed by this treatment. In this way, surprising 
differences were detected in* bars apparently similar. The following 
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is an example : 32 large uniform plates of cast steel, tempered 
throughout their length, of 2 feet long, inch broad, and 
*042 inch thick, and weighing on an average 2,869 grains, were 
each magnetized to saturation by his modification of Knight’s 
process. The mean power of deviation on a compass at one length 
distance as tried separately, was 16® 10', the weakest bar causing a 
deviation of about 15®, and the strongest about 18® 30'. They 
were all then placed for a short interval in one fasciculus with their 
similar poles together, and before being entirely separated, the 
several plates were alternately changed as to positions, and trans- 
ferred to different parts of the mass. The whole series being now 
separately examined again, the average deviating power was found to 
be reduced to 7® 35', but the amount of deterioration suffered by the 
individual plates was singularly different, some retaining a deviating 
power of 10®, others retaining only from 2® to 4®, and some losing 
their power altogether. Yet these bars were constructed out of the 
same mass of steel, wrought by the same hand, and tempered pre- 
cisely alike ; and the manufacturer was probably not at all aware of 
the difference, nor could he by any decided or satisfactory means, 
separate the good from the bad. 

(831) For testing the bars or needles of compasses of uniform, or 
nearly uniform dimensions, Scorcsby employs a powerful, perfectly 
hard bar-magnet, of length and width corresponding pretty nearly 
with the dimensions of the plate to be tried. The test magnet he 
usually employs consists of a rectangular prism of best cast steel, 
thoroughly hardened throughout the mass, 6 inches in length, and 
J an inch square. Its power is great, occasioning a deviation of 
38® to 39® on a compass at 12 inches, or two lengths distance. 
When employed for testing, its power is first reduced by laying it on 
a similar bar with corresponding poles coincident, which brings its 
deviating power down to about 33® or 34®. In this reduced state, 
the testing of any number of compass needles, or other small bars 
produces no further deterioration, so that the degree of violence to 
which each is subjected, may be considered as precisely similar. The 
bars to be tried after being thoroughly magnetized, are laid in suc- 
cession upon the test bar, with similar poles in contact. The mere 
momentary contact of the two sides of the plate is sufficient, care 
being taken to bring the plate or bar evenly down upon the test 
magnet, without sliding or friction. The time required for the whole 
routine of this process, is only about a minute to a minute and a 
half for each bar ; and the precision of the result is such, that the 
whole series, though amounting to several dozens, can be satisfac- 
torily arranged in the order of their relative tenaciousness, or strength, 
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in a numerical succession. The bars best adapted for compasses, are 
those in which the product of the forces of the original power and 
the reduced power is greatest. 

(832) Batio of Potcer to Mass, — Captain Kater had deduced from 
his investigations on “ the best kinds of steel, and form for a compass 
needle that the directive force in needles of nearly the same length 
and form is as the mass. Scoresby’s experiments do not confirm this, 
but they show on the contrary, that the ratio of augmentation of 
power diminishes as the thickness increases. The softer the metal, 
the less its tenacity, and he found an uiideviating accession of power, 
or capacity with the increase of hardness. 

(833) Steel for Magnetical Instruments. -Jt results from Dr, Scores- 
by’s experiments that the system prevalently acted on in the construc- 
tion of magnetical instruments generally, is grounded on an erroneous 
supposition, as to the capacity of steel of difieront dt^grees of hard- 
ness for the magnetic condition. It was imagined that a moderate 
hardening of the ends only of bars destined for magnets was neces- 
sary, but this mode of tempering possesses no advantage as to capa- 
city, whilst it has much disadvantage as to tenaciousuess, exce]>t in 
very thin bars. Thus, Scoresby could only give a very weak power 
to a large bar 3 feet long and 3 inches wide, made out of a flat bar 
of iron, steeled and tempered at the ends. A moderate hardening of 
the steel throughout was abundantly proved by i^'coresby to be the 
most efficacious. As a general proposition also it is erroneous to 
suppose that perfectly hard steel bars, have an inferiority in capacity 
for the magnetic condition. It was found that in all masses above 
the weight of 130 gvsiim., perfectly hard steel was superior in capacity 
to soft steel, in masses above 250 grains’ weight, superior to bars tem- 
pered only at the ends, and above 400 grains, superior to any of the 
kinds of tempering with which it was compared. Scoresby, moreovei\ 
found no difficulty in magnetizing to any degree of energy very hard 
bars, even when of considerable thickness. 

(834) The Magnetic Test applicable to the Determination of the 
Quality of Steel Bars. — Dr. Scoresby examined in the state as nearly 
as possible of raw material, both when soft, and when hardened at a 
white beat in salt water, bars of common spring steel, single shear 
steel, double shear, blister, and common cast steel, perfectly similar (as 
to weight and size), and the results revealed such a relation Ibetween 
the magnetical properties of the several bars, and the respective 
qualities of their denomination of steel, as to show that the mag- 
netical properties maybe rendered available not only for ascertaining 
the degrees of carbonization, but for the determination of the essential 
quality of the iron out of which it may have been manufactured. He 
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adds : “ It is not perhaps unreasonable to expect, that were all the 
varieties of magnetic capacity in each denomination of steel, and in 
each quality as respects the iron out of which the steel is ‘ converted,’ 
experimentally ascertained, a strictly scientific process of testing 
founded on these principles, might be devised — a process which might 
possibly exhibit results, if not as exact, at least as conclusive in cer- 
tain most important relations of value in the metal, as are obtained 
by the beautiful jjrocess of assaying.” Scoresby found a constant 
relation between the ductility of iron, and its magnetic capacity. The 
best iron possesses the highest magnetic quality, and therefore the best 
steel ; the east steel for example converted out of the best Swedish 
iron, such as that known technically, with reference to its mark, as 

hoop X” would be expected to possess higher magnetic properties 
than tlie cast steel made out of iron of acknowledged inferiority of 
quality. 

(835) Construction of Magnetic Batteries — By combining the prin- 
eij)le of the diffusion of energy by the combination of separated 
j)lates, with that of the selection by testing of powerful and tena- 
cious plates, very powerful magnetic batteries may be constructed. 
A\"hen the plates were of a spring temper only, Scoresby found that 
a limit to the number that could usefully be combined was soon at- 
tained ; but with hard plates, in which the power of sustaining violence 
was very great, he has constructed magnetic batteries of 15-inch 
l)latcs, the power of which has* gone on efficiently accumulating to 
tlie ainoujit of 102, the power being ffve or six times as great as 
could possibly be obtained in any extent of combination whatever, in 
bars of similar length of the usual kind employed. He found it 
impossible, by the ordinary process, to communicate the full charge 
of magnetic influence to very hard shear steel, or cast steel bars, or 
such as were best suited lor retaining it, and therefore best for the 
manufacture of compasses; but by interposing thin bars of soft iron 
between the charging poles of the magnet, and the steel to be mag- 
netiztal, he could give a remarkably strong charge by a single stroke 
of the poles of the magnet over the bar. 

(836) Laics of Magnetic Comhinations. — The following general 
results of a long and laborious course of experiments, conducted by 
the same indefatigable magnetician, are of too high a practical value 
to be omitted. It w^as established: — 

I"^. That any single bar is proportionally more powerful than 
two or more corresponding and equal bars. 

That a comhination of magnetic bars is always more powerful 
than any single bar of precisely the same steel of equal weight. 

3°. That the absolute gain of power in the combined mass by 
each additional plate or bar progressively diminishes. 
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4®. That, beyond a certain extent, continued additions to a 
powerful combination of bars is not only not beneficial, but posi- 
tively injurious. 

5®. That a certain amount of deterioration in the permanent 
energy of all the bars in. combination t&kes place by every addition 
of power to the mass. 

6°. That the measure of tenacity or strength of a plato may be 
tested by its relative deterioration wlien combined. 

7°. That though a weak plate may have its po-w^r totally destroyed 
in a large combination, it may be capable of considerable power and 
retentiveness of energy in a smaller combination. 

8"^. That besides a permanent deterioration of power, magnetic 
bars sutler by combination a certain amount of transient deteriora- 
tion, wdiich they recover on separation. 

(837) Separation of the Comhmed Bars hy Limited Spaces . — The 
following results w^ere arrived at : — 

That the effect of combination is incrciised in proportion as 
the spaces between the plates are enlarged. 

2^. That by thus preventing the plates from coming into contact, a 
larger number of plates may be advantageously combined. 

3^. That in proportion as the density of the mass is thus diminished 
by separation, the amount of permanent deterioration in the several 
plates is also diminished. 

4^. That when separated by discs or blocks, weaker plates can be 
combined advantageously to a much greater extent than when in 
contact. 

5^. That an advantage is gained by a partial separation, such as 
that in the middle of the plates, but the eftect is not so good as when 
the separation is complete. 

(838) Hardness and Temper . — It was established : — 

1®. That the relative powers of combinations of magnetized plates 
or bars of steel, as well as those of simple pieces, are greatly affected 
by difterences in the state of the steel, both as to its quality and 
temper. 

2^. That various degrees of hardness have an influence on the 
magnetic capacity and energy of steel, differing both in the nature 
and quality, in proportion to the magnitude of the masses em- 
ployed; so that the kind of tempering which may exhibit superiority 
with a certain mass, may be greatly inferior in other magnitudes. 

3^. That though with certain limited masses, partially tempered or 
slightly hardened bars have a pre-eminence, nevertheless, in fixity or 
permanence of power, the softer magnets are always inferior. 

4®. Tliat under certain conditions, and with small combinations. 
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an advantage is gained by heating the middle of thoroughly tempered 
plates, and so softening them. 

5^. That for all practical uses, the limits of hardness may be con- 
sidered as comprised between a brittle hardness like that of files, 
and that of an elastic or spring temper. 

6^. That in sustaining power, hard bars have a superiority ; and 
that for heavy bars, the greater the hardness the more powerful the 
magnet. 

7*^. That in the construction of magnetic batteries, the steel 
should be similar in quality throughout, and the bars as near the 
same size as possible. 

(839) Qualities of Steel . — Dr Scoresby ascertained : — 

That the magnetic capacity differs in each denomination of hard 
steel, being the lowest in those kinds susceptible of the greatest 
hardness. 

2^. That in thin and medium plates made quite hard, shear steel 
possesses a higher capacity, and exhibits a greater energy in the in- 
dividual plates, than blister or cast steel, and cast steel the least 
of all 

3®. That the comparative magnetic powers of different denomina- 
tions of steel change their relation to each other in combination; 
each denomination under powerful combinations exhibiting a 
degree of effectiveness, according apparently, to its susceptibility for 
hardness. 

4®. That cast steel being capable of the greatest hardness, is as a 
denomination, most effective in large straight-bar magnets, whether 
consisting of single massive plates, or of combinations of thin plates. 

5®. The better the iron out of which the cast steel is made, the 
better the magnetic properties of the steel ; the harder the steel also, 
the better for magnets of great energy, but for single thin plates 
cast steel from Bradford iron is the best. 

(840) Hard ihm plates gain in power by boiling in linseed oil, 
while medium or thick plates lose by a similar treatment. The tena- 
ciousness of the magnetic condition is much impaired by annealing 
large thick straight bars or combinations, but the result is different 
with thin best cast steel bars. 

(841) Although no universal answer can be given to the question — 
What is the best kind of steel, and the best kind of hardness, or 
mode of tempering for magnetical instruments ? yet the following 
summary deduced by Scoresby, from his innumerable experiments, 
may prove very useful to the practical magnetician. 

For all large or massive single and compound magnets of the 
straight-bar form, the best cast steel made quite hard ; for horse-shoe 



678 


MAONETISM. 


magnets, if single, cast steel annealed from file hardness at a tem- 
perature of about 560®, or shear steel a little reduced ; and for com- 
pound horse-shoe magnets, cast steel annealed at 480® to 500®, or 
shear steel perfectly hard : for compass needles, if single and heavy, 
such as are suited for stormy weather, hard cast steel ; if light or 
of moderate weight, whether single or compound, the best cast steel 
annealed at 500® or 550®, or hard shear steel, or hard cast steel from 
Bradford iron ; and for very light needles or other small magnets the 
best cast steel annealed at the heat of boiling oil. 

(842) Measure of Permanency. — The degree of retentiveness of 
magnets is directly as the hardness, and inversely as the energy. The 
loss of energy by time in unprotected magnets is much more consi- 
derable at first than subsequently. The retentiveness of combina- 
tions of thin bars is quite equal to that of single massive bars, espe- 
cially if the plates be separated by a little distance ; and soft magnets 
if properly protected, are as enduring as hard ; and when the maxi- 
mum power of a magnet is slightly reduced by unfavourable proximity 
to another magnet, the resulting energy is still less influenced by 
time. 

(843) Cast Iron Magnets. — The magnetic capacity and rctentivencss 
of cast iron, though considerable, is greatly inferior to that of pro- 
perly hardened steel. The better the quality of the cast iron, and 
the more rapidly the casting is cooled, the more favourable the metal 
for Magnetism. Scoresby found that good cast iron was quite equal 
to soft steel for single plates, and much superior for large combina- 
tions. Hard thin bars of No. 1 pig metal arc capable of forming 
powerful compound bar magnets, quite as strong as solid massive 
bars of ordinary steel, if only hardened slightly at the ends. Mr. 
Hearder constructed a compound cast iron horse-shoe magnet, which 
was capable of lifting 60 lbs., and the power was very permanent. It 
was composed of 24 bars of the best pig-iron, as hard as green sand 
could make them. The bars weighed 3 lbs. each, the weight of the 
combined series being about 70 lbs. The cost of this magnetic 
battery was not more than twelve or fourteen shillings, whereas a 
steel magnet of equal power would cost two or three pounds. 

(844) Useful Applications of the Magnetic Powers. — Among these 
may be mentioned the magnetic steel masks, worn by the Sheffield 
needle-grinders to arrest the minute particles of steel which are con- 
stantly flying from the wheel, and which would otherwise enter their 
lungs. These masks are found, after the day’s work, fringed with 
fine particles of steel — a proof of their protecting power. Magnets 
are also used in paper mills to abstract from the pulp the little par- 
ticles of iron which arise from the abrasion of the machinery, and 
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which, under the form of peroxide, frequently disfigure the commoner 
kinds of paper. The attractive power of magnets is also employed 
for abstracting the filings of iron from among the dust of other 
metals of a more valuable character. An exceedingly ingenious appli- 
cation of the magnetic influence to the determination of the thickness 
of rocks was made by Dr. Scoresby. It is founded on the method ot 
deviations (83), the direction of the needle obeying the same laws, 
whether the forces act in it merely through an interval of air, or 
through rock, iron, or other materials. We have seen (830) that the 
deviations of a small compass needle by the action of a magnet placed 
in the line of its centre at right angles to the meridian, may be taken 
as a measure of the force of the magnet ; if, therefore, we determine 
beforehand the amount of deviations for different distances between 
the magnetic bar and the compass needle, we can apply the instru- 
ments to the determination of the thickness of any substance placed 
between them. The needle is placed on one side of the rock, and 
the magnetic bar perpendicular to its centre on the other, and the 
amount of deviation of the former is compared with the table of de- 
viations deduced from the preliminary experiments. In this way Dr. 
{Scoresby states that he can determine the thickness of 2 or 3 feet of 
rock to Ith of an inch, and that he can measure distances of from 
125 to 150 feet with great approximation to truth. He found that 
neither iron nor ironstone interfered with the results, for on placing 
the magnets and the needle one each side of a locomotive engine, the 
effect was not interfered with. The application of this method to 
milling operations, and especially to tunnelling, is likely to be very 
valuable. 

(845) Laws of Magnetic Force. — This subject has occupied the 
attention of many of the most profound mathematicians. Newton 
inferred “ from some rude observations” that the power of a magnet 
decreases not in tlie (hiplicate but almost in the triplicate ratio 
of the distance, llawksbee’s experiments {Phil. Trans, 1712, vol. 
xxvii.) gave a law of force wdiich varies as the sesguidiiplicate ratio of 
the distances, and his results were subsequently confirmed by Whiston 
and Taylor {Phil. Trans. 1721). Muschenbroek’s researches, made 
a few years later, led him to the conclusion “ that no assignable pro- 
portion exists between the forces and the distances, whether of attrac- 
tion or repulsion.’’ Mayer and Martin, who wrote on the subject 
between the years 1750 and 1760, both came to the conclusion that 
the true law of the magnetic force is identical wnth that of gravita- 
tion, and that in the previous experiments of Hawksbee and others, 
proper allowance had not been made for the disturbing changes in 
the magnetic forces so inseparable from the nature of the experi- 



580 


MAGNETISM. 


ments. Lambert’s researches* {Historie de V Academic Boy ale des 
Sciences, Berlin, 1776), which were described by Dr. Robinson as 
worthy of Newton himself, determined that the action of Magnetism 
on a magnetic needle, considered as a lever, is proportional to the 
lines of the angle of obliquity of its direction; and that hence the 
effective force which operates in restoring the needle to its meridian 
when drawn aside from it, is directly as the line of the angle of its 
deflection. The law of forde was found to be the , inverse duplicate 
ratio of the distances. The directive or polar force of a magnet upon 
a small needle, was shown by Lambert in a subsequent memoir to be 
‘‘ as the absolute force or magnetic intensity of the j^articles directly, 
and as the squares of tlie distances inversely.” Lambert’s deductions 
were confirmed twenty years later by Coulomb, by means of his 
torsion balance, and more recently (aboqt the year 1817), by Pro- 
fessor Hansteen, of Christiania. 

(846) Amongst the latest inquiries are those of Sir W. Snow Harris. 
{JSdinh. BhiL Trans,, 1829; and Budimentary Magnetism, Part III.) 
He first investigates the laws and operation of the elementary forces 
of induction — the essential function of all magnetic development. 
When a bar ofi soft iron and a magnetic bar are opposed to each 
other, the near pole of tlie latter induces on the near parts of the 
former, a polarity the reverse of its own, and a polarity of a similar 
nature on parts at a distance. The temporary polarity of the iron 
reacts on the magnet by a kind of reflection or reverberation, 
inducing on it a new temporary polarity of the same character as its 
own permanent one ; this new force again reacts on the iron, and 
thus a series of magnetic weaves is produced, each becoming weaker 
until they vanisli into rest. Magnetic attractions and repulsions 
being the results of this inductive reverberation, the study of the 
laws of the elementary force of induction became necessary as a 
preliminary to the investigation of the laws of the magnetic force 
generally. 

(847) The apparatus employed by Harris was his Hydrostatic 
Balance, which he found well adapted to the measurement of verv 
small magnetic forces. It appears that there is a limit in respect of 
the elementary inductive forces, different for different magnets, and 
varying with the magnetic conditions of the experiment ; but as a 
general rule, it Tvas concluded, that the elementary force of magnetic 
induction is as the Magnetism directly, and from the ^ or square 
root to the i power, or sesquiduplicate ratio of the distance inversely. 
Applying these results to the explanation of the different laws of 

* For a full discussion of these profound researches, the reader is referred to 
Sir Wm. Snow Harris’s Rudimentary Magnetism, Part 111. 
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force, deduced experimentally by Lambert, Coulomb, and others, 
Harris shows that their seeming contradictions and differences may 
be reconciled, and that the deduction of Brook Taylor, “ that mag- 
netic attraction as commonly observed, is quicker at greater distances 
than at small ones, and different for different magnets,” is a necessary 
result of the elementary laws of Magnetism. 

(848) Laio of Force in different Points of a Magnetic Bar , — Harris 
also applied his Hydrostatic Magnetometer to the determination of 
this problem. The investigation had previously been made by 
Coulomb, by observing the vibrations of a delicately suspended 
magnetic needle when brought into various positions, in respect of 
a long magnetic wire, placed vertically in the magnetic meridian, the 
dissimilar polarities being opposed to each other. The force due to 
any given point of the magnetic wire was considered to be propor- 
tional to the square of the number of vibrations ; the constant and 
previously determined force, ,by which the needle vibrated when 
away from the wire, being deducted. In this way Coulomb obtained 
as a curve of intensity, a logarithmic curve, the ordinates of which 
ah c^ &e., are in geometrical progression, while the absciss® C a, C 


Fig. 294. 



&c., corresponding to these ordinates, are in arithmetical progression, 
Prom the many difficulties attending this method of examination, 
and from the irregular distribution of the Magnetism in the bar, 
arising from the imperfection of its temper, &c., it is to be doubted 
whether the true law of intensity is really represented by this 
peculiar curve. Harris examined the forces at successive points of 
an accurately divided, powerfully magnetized, and equably tempered 
bar through a small cylindrical armature of soft iron; the square 
root of the forces taken in degrees on the graduated arc of the 
balance being considered to represent very nearly the comparative 
magnetic development. His results showed that the Magnetism in 
different parts of a regularly tempered and magnetized steel bar of 
uniform texture is directly as the distance from the magnetic centre. 
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whilst the reciprocal force between any given point and soft iron, is 
as the square of the distance from that centre. 

(849) Law of Magnetic Charge . — The amount of Magnetism in a 
bar of well tempered steel, under a given attractive force, is indepen- 
dent of the mass of the magnetized body. This, Harris proved by 
a very beautiful experiment. He placed between the magnet M, 
Fig 295, and the trial rod, of his magnetometer a small cylinder of 
Fig 295. soft iron, A B, into which could be 

inserted as a core, a closely fitting 
solid cylinder, a also of iron. 
The magnet was placed at a con- 
stant distance below the cylinder, 
and the attractive forces on the 
trial rod were measured when 
I the interposed cylinder was hol- 

loMf, when its core was in its 

A ^ B place, and w hen it w'as draw n out 

‘i . |)V, ..Vr, (as represented by the dotted 

==1 lines in the figures), so far as to 

^ double the extent of the inter- 

posed surface ; when the joint 
cylinders were taken together as 
a mass, and when the interior 
cylinder was altogether removed, the force was in both cases the 
same, amounting to 10^, but when the core w as drawn out so as to 
extend the surface to tlie greatest limit, the intensity fell to 5®, being 
diminished one-half. Hence Magnetism, like Electricity, is only 
influenced by surface, and a hollow steel cylinder may be made to 
acquire as much magnetic power as a solid cylinder of the same 
dimensions. 


(850) In order to determine experimentally the intensity of Mag- 
netism in respect to the quantity developed, and the extent of surface 
over which it is dispersed, Harris surrounded a soft iron bar with 
three distinct and similar coils of wire, which could be connected wdth 
three distinct and similar voltaic batteries ; lie then examined the 
attractive forces on the trial cylinder of the magnetometer, when 
the iron rod was magnetically excited by one, tw'o, and three of the 
coils ; the batteries being precisely similar, w^ere assumed to develope 
each when taken singly, the same amount of magnetic force, and it 
w as found on trial that the intensity was very nearly as the square of 
the quantity of Magnetism, being precisely the same law as that 
deduced for electrical charge, and therefore to obtain the relative 
quantity of Magnetism in operation we must take the square roots 
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of the respective intensities, the magnetic surface and all other 
things being the same. We have no experiments to show whether 
this law holds good with dissimilar magnetic bodies of variable size 
and surface, though it is probable that the law of Surface is the same 
with that of Electricity, and that the intensity is as the square of the 
surface inversely, i e., that the same quantity of Magnetism developed 
upon a doubled surface would have only Jth the intensity. 

(851) The latest experimental investigation of the laws of Mag- 
netism is that of Tyndal (Phil, Mag., N. S. vol. i. p. 295). The 
subjects of his inquiry were : — 

1st. To determine the general relation between the strength of a 
magnet, and the mutual attraction of the magnet and a mass of soft 
iron wlicn both are in contact. 

2ud. To determine tlie same relation, when the magnet and the 
mass of soft iron are separated by a fixed distance. 

3rd. A constant force being applied to the mass of soft iron, in a 
direction opposed to the pull of the magnet, to determine the con- 
ditions of equilibrium between this force and Magnetism, when the 
distance between the magnet and the mass vari(.*s. 

dtli. To determine the general relation between force and distance, 
i. c., the law according to which the magnetic attraction decreases 
when the distance is increased. 

(852) The following are the principal results : — 

1st. The mutual attraction of a magnet and a sphere of soft iron, 
when both are in contact, is directly proportional to the strength of 
the magnet. 

2jk1. The mutual attraction of a magnet and a sphere of soft iron, 
when both are separated by a small fixed distance, is directly pro- 
portional to the square of the strength of the magnet. 

3rd. Tlie mutual attraction of a magnet of constant strength, and a 
sphere of soft iron, is inversely proportional to the distance between 
the magnet and the sphere. 

4th. When the distance between the magnet and the sphere 
varies, and a constant force opposed to’ the pull of the magnet is 
applied to the latter, to hold this force in equilibrium, the strength 
of the magnet must vary as the square root of the distance. 
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CHAPTER XVI. 

MAGNETISM— CoNTTKUED. 


Terrestrial Magnetism — Magnetical instruments — Tlie land compass— The mari- 
ner’s compass — The Admiralty com jwiss— Harris’s compass— Local attraction in 
ships — Scoresby's investigations — The dipjnng needle — The variation compass 
— The declination magnet — The horizontal force galvanometer— The vertical 
force galvanometer. 

(853) The tendency of tlie magnetized needle or bar to turn nearly 
to the north and south, when left at liberty to move freely on a pivot, 
or otherwise suspended so as to allow of freedom of motion in a 
horizontal plane, is derived from a force supposed to reside naturally 
in the earth. The earth in fact must be regarded as a magnetic mass, 
operating on the magnetic needle, precisely in the same way as one 
magnet operates upon another.* If we communicate Magnetism to 
a steel bar which in its previous condition had been exactly equipoised 
when suspended freely from its centre, we shall find that it no longer 
maintains its horizontal position, but assumes an oblique one, being 
inclined with its north pole downward at an angle of about C9^. 
If we take this needle to different parts of the earth, we shall find its 
inclination to be different in different parts, the «angle becoming 
greater and greater as we approach the poles, and less and less as we 
approach the equatorial regions. 

(854) ) The following simple method of constructing a magnetic 
direction needle is given by Dr. Scoresby {Maynetical Investigaiiom^ 
vol. ii.) Two pieces of watch spring, each 2 inches in length, are 
slightly heated in the candle, and then coated on the concave side 
with the wax of a common taper ; the waxed surfaces are then placed 

* The total magnetic power, or moment of Magnetism ” of the earth, as com- 
pared with that of a saturated steel bar, 1 pound in weight, is calculated by 
Gauss to be as 8 , 464 , 000 , 000 , 000 , 000 , 000,000 to 1 , which, supposmg the magnetic 
force uniformly distributed, will be found to amount to about 6 such bars to 
eveiy cubic yard. 
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together, and the two pieces bound closely together by thread. A 
fine sewing needle is introduced as an axis between the two plates 
midway from each extremity. A piece of Fig* 

brass wire of the thicker size employed for 
the pianoforte, is bent into the form of a 
staple, the ends being turned up to receive 
the axis of the bar. The watch-spring needle 
is adjusted by a minute quantity of healing- 
wax, and the centre of gravity adapted to the 
axis by accurately straightening the plates with 
the fingers; on magnetizing the needles, and 
suspending them by a silk fibre in a large jar, it 
acts beautifully as an inclination or dipping 
needle ; any deviation from torsion of the silk 
may be detected by comparing it with a hori- 
zontal needle placed at a little distance, and 
may be avoided by suspending a weight 
equivalent to that of the needle from the fibre 
previous to using it. 

(855) The analogy of the earth to a magnet is beautifully illus- 
trated, by holding a light and sensitive magnetic needle over difterent 
parts of a magnetic bar, laid horizontally on a table. The bar should 
be about 30 inches long, and powerfully and equally magnetized ; 
the needle will assume the various positions indicated in Eig. 297. 

Fig. 297. 

"-v / 


N C ^ 

Thus in the magnetic equator of the bar C it will be exactly hori- 
zontal ; at N and S it will hang vertically, the N pole downwards 
at S and the S pole downwards at N, between the poles and the 
equator ; the needle will take up difterent positions as it is moved 
along, becoming less and less oblique as it passes from the former to 
the latter, precisely as it would do if carried from the polar to the 
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Fig 298. equatorial regions of the earth ; 

lor a bar magnet may be en- 
closed in a light wooden or 
pasteboard sphere, as shown 
in Fig. 298, and on passing a 
short dipping needle over the 
exterior surface of the globe, 
from pole to pole, the mag- 
netic conditions of our planet 
may be still more strikingly 
illustrated. 

(85G) We have seen that 
when a piece of soft iron is 
brought into the neighbourhood of a magnet, it acquires by induction 
temporary magnetic properties; now it has long been known that rods 
of iron that have been kept for a long time in a fixed position acquire 
magnetical polarity : this property they have derived from terrestrial 
magnetic induction. The position most favourable for developing Mag- 
netism in an iron rod, is that of the dipping needle, and accordingly 
we find that old kitchen pokers that have been standing for many 
years nearly in that position have become feeble magnets, their lower 
ends being N. poles ; any. piece .of soft iron however, when held in 
the position of the dii^ping needle, is pro tempore a magnet. The fol- 
lowing experiments of Scorcsby are instructive on this point {McKjn, 
Invest.' vol. i.). Lay a compass very near the edge of a square table 
on the E. or W. side of it, so that the direction of the needle is 
parallel to the proximate side of the table ; adjust the compass witli 
its needle and N. and S. line in correspondence, and holding tlie 
kitchen poker horizontally in the direction of the E. and W. points 
of the compass, strike it a blow or two with a hammer to neutralize 
any Magnetism it may have ; the poker whilst held in a vertical posi- 
tion being now brought within 3 or 4 inches of the compass E. 
or W. of its centre, will strongly attract the N. pole when the 
upper end is on a level with the compass, and repel the same pole 
when the lower end is raised to the same level, indicating a southern 
polarity in the upper, and a northern in the lower. The evanescent 
character of this induced Magnetism is further shown by placing the 
knob end of the poker held horizontally, against the edge of the 
table, with the compass about 3 inches within ; raising the point with 
one hand, whilst the knob is kept steady against the table with the 
other (like a ball moving in a socket) ; the N. pole of the needle will 
gradually recede till the poker becomes vertical, and then lowering 
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the point, the will gradually approach the knob till the poker 

becomes again vertic^, in the direction opposite to its former position ; 
thus showing that the knob had obtained northern polarity, when the 
bar was vertical with the knob downwa/rdy and southern polarity with 
the knob upward, Bj alternately raising and depressing the point 
of the poker, the needle may be kept in oscillation, and even in un- 
ceasing rotation if the movements are consistently continued. The 
point of the poker being down, and the rod in a vertical position, the 
quantity of magnetic action on the needle diminishes as the poker is 
brought to a horizontal position ; il‘ the poker be moved in an E. or 
W, plane, the action on the needle is nil when it is horizontal ; but 
if it is moved in a N. or S. plane, and traversed northward of the - 
compass, it will pass beyond the horizontal about 20® before the 
same neutral effect takes, place. 

The kitchen poker should be used in these experiments, as the 
parlour poker with a view to polish and firmness is usually steeled. 
The influence by which the Magnetism of iron bodies is thus spon- 
taneously elicited, acts in a direction, not like gravitation, perpendi- 
cular to the earth’s surface, but in a direction inclined in the same 
degree as that of the earth’s magnetic action, and the plane of no 
attraction is at right angles to the line of the dipping needle. 

(857) Soft iron may even be made to acquire temporary lifting 
power under the influence of terrestrial mlagnetic induction ; thus 
Scoresby found that a piece of annealed iron plate, 15 inches long 
and 1*5 inch broad, with a smooth and polished end, when held in the 
position of the dipping needle could support an iron nail weighing 3 
grains, and a thicker rod weighing 3,830 grains supported a nail 
weighing 10 grains ; by combining a dozen such plates some further 
capabilities were elicited, but by no means corresponding wdth the 
increase of mass. By bending a piece of annealed iron plate 15 in- 
ches long and i^-inch wide, reversely at the end, in the form of 
an architectural ogee, and suspending it by silk fibres, a meridional 
iron needle was made, that assumed true magnetic direction (though 
quite free from Magnetism), and was found’, moreover, to obey extra- 
neous influences precisely like a steel magnetic needle. 

(858) Dr. Scoresby gives (‘‘ Magnetical Investigations,” vol. iii.) 
the following general results of a very extensive investigation into 
the phenomena of terrestrial induction. 

1®. That true Magnetism is induced in soft iron by terrestrial 
induction. 

2®. That in masses of uniform temper and quality, the neutral 
plane is parallel with a plane at right angles to the dip, and 
obliquely through, or near to, the centre of gravity. 

Q Q 



588 


MAGNEtlSM:. 


3°. That in spherical and other formed bulky masses, the magnetic 
axis coincides with that of the earth, the chief energy being at tlie 
extremities of such magnetic axis, and the neutral plane at right angles 
to the axis in the middle ; but in bars and other elongated forms, the 
direction of tlic magnetic forces follows the course of the longitudinal 
extent of the bars, exhibiting the two polarities in maximum degree, 
at the opposite ends of the bar, with a neutral plane in tlic middle. 

4^. That different kinds of iron, steel, and iron ores, differ in 
their respective capacities for terrestrial Magnetism ; and that the 
capacity of each is influenced by its temper, hardness, and mass. 

5^. That fasciculsB of thin plates have developed in them a some- 
what higher power than solid masses of like dimensions, but that a 
progressive diminution of power attends the combination of jdates — 
this being moi^e marked in pure annealed iron than in cast steel. 

G°. The magnetic energy of a mass of iron under terrestrial in- 
duction, is the resultant of two antagonistic forces — the developing 
force of the eartli, and the tendency of the molecular Magnetism of 
the metal to a state of neutrality’^; hence bulky masses of iron receive 
inferior polarity to elongated masses of equal weiglit, and hollow 
shells and solid shots have equal magnetic development ; this, how- 
ever, is only true in certain special cases, when similar qualities of 
metal are compared. 

7®. That the Magnetism terrestrially induced, becomes like that in 
permanent magnets, so highly^ concentrated at the extremities of 
elongated bars or plates of malleable iron, as to yield an attractive’ 
power sufficienf to lift small portions of iroji like a feeble magnet, 
and a directive power adequate to correct adjustment of position, 
in a plate duly suspended like the needle of a compass. 

(859) The effects of percussion and of flexure in communicating 
Magnetism to soft iron bars while held in a vertical position, is very 
remarkable, and well worth stating, from its bearing on the important 
subject of the Magnetism of iron ships. A kitchen poker carefully 
deprived of INIagnetism, by giving it a few smiu4 blows while held 
horizontally E. and AV., affected the compass needle at a given 
distance, when held vertically, point upwards, 21"'' ; in the position of 
the dip, 22^. A smart blow with the hammer on the square side of 
the lower end, increased tho upright deflecting power of the knob 
from 21"^ to 35^ ; six blows increased it to 41®, and gave it when in 
a horizontal position a deflecting power of 2G®. On inverting 
the poker, a single blow not only neutralized its previous Magne- 
tism, but changed the poles to an extent of 19® of deviating power ; 
and six more blows gave it a horizontal deflecting power of 27°. 
The poker now being held horizontally east and west, a single blow 
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reduced its pow^ to The effects were increased when the poker 
was hammered while held in the position of the dip. 

(860) The following experiments are instructive as illustrating 
the effect of percussion and flexure : — 

Lay a small delicate compass needle on a table about 3 
inches from the E. or W. side, the needle being adjusted to zero. 
Hold an iron poker (kitchen) point upwards , and strike it several 
smart blows on the top with a hammer ; now turn it point down- 
wards, and bring the knob against the edge of the table near the 
compass — little or no action will take place, because although a little 
northern polarity will have been communicated to the knob by the 
percussions, still the position in which the poker is now held will 
tend to produce in the knob a southern polarity by terrestrial 
induction, and the one will neutralize the other. Should, however, 
the N. pole of the compass be attracted, a few more blows with 
the hammer on the point (point upwards) will destroy this attrac- 
tion. Whilst now^ the knob of the poker is on a level with the 
(jompass (point downwards), let a smart blow be struck on the top? 
the needle will start aside or whirl round the N. end, being 
attracted by the poker as if acted upon by some magical power. 

2^. Provide two or three plates of thin sheet iron, about 18 
inches long, 2 broad, and the thickness of a shilling. After having 
annealed them by heating them to redness, and allowing them to 
cool gradually, tio them flat in a bundle in brown paper, one end 
being marked. Destroy all Magnetism by moderate flexure without 
permanent bending, the handle being held horizontiilly E. and 
W. till there is no action on the needle. Hold the plates verti- 
cally, marked end downward, and give them a moderate flexure both 
ways, the marked end will now repel the no7d1i pole of the needle, 
probably 25° or 30°. Now bend the plates with the marked end 
upwards, and the polarity will be reversed. Next hold the plates 
E. and W., and bend them backwards and forwards ; the polarity 
will, in all probability, be wholly, or nearly wholly destroyed. 

Scouring, filing, polishing, or any other process acting on the 
surface of a piece of iron or soft steel, has a corresponding magne- 
tizing or demagnetizing tendency with reference to the position of 
the metal when thus operated on. 

(861) On this principle, iron rods may be completely deprived of 
Magnetism. We have only to strike them a few^ blow^s w^hile held in 
a horizontal position E. and W., testing them from time to time 
with a compass. Eor demagnetizing thin plates of iron which might 
become bent by hammering, the application of flexure'll quite as effective 
and much readier. Scoresby magnetized an unannealed piece of iron 

Q Q 2 
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plate, 18 inches long, 1 inch broad, and *12^12 inch thick, 
as highly as possible, and found that six smart blows with a hammer, 
while the plate was in an upright position, N. pole upwards, were 
sufficient to disperse the Magnetism. 

(862) When steel bars are hammered while held vertically or in 
the position of the dip, they acquire permanent Magnetism, but the 
magnetic lifting power is increased 30 to 1 when they are hammered 
while resting on the top of an iron bar also held vertically. Powerful 
magnets may thus be formed. Thus, Scoresby took 6 bars of soft 
steel, and having magnetized them by percussion, 2 of them con- 
nected at their extremities by two sliort pieces of soft iron, in the 
form of a parallelogram, were rubbed* vith the other 4 bars after 
Canton’s method (816), by whicli their original power was greatly 
increased. These being substituted for two of the bars of the 
operating set, were applied with increasing efficacy to the new 
parallelogram ; and the latter, after being thus strengthened, became 
effectively available for the improvement of the third pair of the 
series. After treating each pair of bars in regular succession, and 
through several repetitions of the process, the whole of the bars wore 

. found to be in a very high degree magnetical, apj)arently to the 
extent of their capacity, each pair readily lifting a weight of above 
8 ounces. 

(863) TJw Land Compass . — The needle is placed upon a point in 
the centre of a brass or wooden box, furnished with a graduated limb, 
and sometimes the ends of the needle are made to carry a vernier 
scale in order to bring down the readings to a minute or lower. The 
box which may be square, round, or octangular, is furnished with two 
straight edges of brass, or index marks to set to any proposed line, 
and sometimes with sights, the top being covered with glass to pre- 

Fig. 298. vent the needle from being dis- 

turbed by the action of the air. 
There are also two small pieces 
of brass, one of them turning 
on a fixed point, seen in the 
figure, which is used to check 
the oscillation of the needle, by 
pressing upon the upper end; the 
ring at the other end of the 
lever is raised till it touches the 
needle which is thereby rendered 
steady; the lever is then let down, 
and the needle left to find its 
proper direction. In the figure the needle is mounted with a card 
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divided into points and quartelr-points of the compass ; the N. and 
S. points being made to correspond very exactly with the , needle ; 
in this form the general direction of an object will be known by 
observing its bearing, which will always arrange itself according to 
the magnetic meridian of the place of observation. 

(861) The Mariner^ s Compass , — In its ordinary form it consists of 
a magnetic needle attached to a circular card, the surface of which is 
divided into the four cardinal points K., S., E., W , ; these again are 
subdivided into 32 points which are called in nautical lan- 
guage Bhomhs, from the Greek word to turn. In the azimuth 

compass the circle is divided into 360° parts. The position of the 
needle is usually estimated in terms of the 32 points, but for 
refined purposes it is found better to estimate the angular deviation 
of the needle from the line of the magnetic meridian, in degrees and 
minutes taken in reference to either the N. or S. pole of the card 
Thus instead of the Ehomb S. W., we say S. 45° W. ; instead of 
E.N.E., we say N. 67°30'E., and so on. The card (Eig. 299) is balanced 

Fig* 299, 





box is a plate of glass for protecting the needle from the motion of 
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the air. In Kg. 300, A B. is the compass box, si^sgended within 
a larger box P Q, upon two concentric brass cities or gmhaU, 
the outer circles being both fixed by horizontal pivots to the 
inner circle which carries the compass box; the two axes upon 
which the gimbals move being at right angles to each other. The 
efiect of tliis construction is that the compass box AB, will retain a 
horizontal position during the motions of the vessel. The instrument 
Fig. 300. shown in the figure, is the 

Azimuth Compass ; it is fur- 
nished with sights, GH, 
through which any object 
may be sem, and its angle 
with the magnetic meri- 
dian increased. For this 
purpose, the whole box is 
hung in detached gimbals, 
C13, EF, which turn upon 
a stout vertical pin, seen 
above S. In this compass 
the card is divided on its 
rim into 360*^ , but the divisions are more frequently placed on a light 
metallic rim which it carries. The eye is applied to the sight H, which 
is a slip of brass, containing a narrow slit. The other sight G, which 
is turned towards the object, contains an oblong aperture, along tlm 
axis of which is stretched a fine wire, which is made to pass over the 
object whose angular distance, or azimuth , from the magnetic meridian 
is to be determined. 

(865) The questions — Which is the best form, and What the best 
construction of compass needles, have been frequently discussed, and 
many valuable experiments have been made on the subject; the most 
important perhaps are those of Captain Katcr and Dr. Scoresby. 

The principal inferences to be drawn from the experiments of the 
former are the following {Phil. Trans., 1821.) 

1®. That the best material for comj)a8s needles is clock spring, but 
care must be taken in forming the needle, to expose it as seldom as 
possible to heat, otherwise its capability of receiving Magnetism will 
be much diminished. 

2®. That the best form for a compass needle is a pierced Ehombus 
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in the proportion about 6 iilcbes in length to 2 inches in width, 
this form being susceptiMe of the greatest directive force. 

3*^. That the best tnode of tempering a compass needle is first to 
harden' it at a red heat, and then to soften it from the middle to 
about 1 inch from each end, by exposing it to a heat sufficient to 
cause tlic blue colour which arises again to disappear. - 

4°. That in the same plate of steel of the size of a few square 
inches only, portions are found varying considerably in their capa- 
bility of receiving Magnetism, though not apparently differing in any 
other respect. 

5°. That polishing a needle has no effect on its Magnetism. 

6®. That^ the best mode of communicating Magnetism to the 
needle appears to be by placing it in the magnetic meridian, joining 
the opposite poles of a pair of bar magnets (the magnets being in 
the same line), and laying the magnets so joined flat upon the needle 
with their poles upon its centre ; then having elevated the distant 
exti'ernities of the magnets, so that they may form an angle of about 
2° or 3° with the needle, they are to be drawn from the centre 
of the needle to its extremities, carefully preserving the same in- 
clination, and having joined the poles of the magnets at a distance 
from the needle, the operation is to be performed 10 or 12 times on 
each surface. 

7^. That in needles of from 5 to 8 inches in length, their weights 
being equal, the directive forces are nearly as the lengths. 

8^. That the directive force does not depend upon the extent of 
surface, but in needles of nearly the same length and form, is as the 
mass. 

9®. That the deviation of a compass needle occasioned by the at- 
traction of soft iron, depends, as Mr. Earlow has advanced, on extent 
of surface, and is wholly independent of the mass, except a certain 
thickness, of the iron amounting to about i%ths of an inch, 
which is requisite for the complete development of the attractive 
energy. 

(8G6) The pierced Rhombus was the form of needle used in 
merchant ships previoiis to the researches of Dr. Gowan Knight in 
1750. This form he considered objectionable, as likewise the needle 
employed at that time in the Navy, which was a single piece of spring 
tempered steel, broad towards the ends, which were pointed, and 
tapering towards the middle ; and he proposed as the most advan- 
tageous form, that of a regular parallelepiped, or straight narrow- 
edged bar, hardened throughout and suspended upon an agate 
attached to its under surface, and this kind of needle is now usually 
employed. 
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(867) The general results of Dr. Scoresby’s Experiments on the 
magnetical capacities and powers of steel plates adapted for sea 
compasses, have already been given. The following is a more com- 
plete resume of his investigations. , 

1®. For single bar needles exceeding in weight 400 to 500 grains, 
the 6-inch bar, hard cast steel; for lighter needles, the directive 
energy is improved by annealing. 

2^. The most energetic east steel is that from Bradford iron ; next 
' comes shear steel SS, or of hoop L iron ; then hlister steel hoop L ; 
and lastly cast steel hoop L. 

3®. Thin plates of cast steel for single needles have their mag- 
netical capacities improved by annealing in oil, at a temperature of 
from 500^ to 550®. 

4®. A great advantage is gained by employing two or more thin 
plates not in contact, but separated from each other; the plates 
being either of hard shear steel, or of slightly annealed cast steel. 

(868) The compass recommended by the Committee of Inquiry 
appointed by the Admiralty is constructed in accordance with 
Scoresby’s principles. It consists of 4 compound magnetic bars 
secured together with a card within a light ring of brass : the card is 
made of mica, and covered with thin paper, on which the impression 
of the cardinal points is printed ; the caps are of agate or mby, and 
the points of suspension of native alloy ; the bowl is made of copper. 
It is a beautifully constructed instrument, but costly, and is said to 
be not very steady at sea. 

(869) Sir William Harris's compass, which is also used in the Navy 
and by the Honourable East India Company, is thus constructed by 
the patentees, Messrs Lilley and Son, Opticians, Limehouse. The needle 
is a simple light bar magnet, from 5 to 7 inches in length, turned on its 
edge, and mounted on an agate centre. It is regularly and accurately 
formed, hardened and tempered throughout, and previous to being 
magnetized is nicely balanced in a horizontal position ; in this state 
two small silver sliders are placed on each arm equally distant from 
the extremities and centre of the bar. When the bar is made mag- 
netic, it is magnetized in such a way, that the centre of the magnetic 
forces falls in the line of the point of suspension, and any inclination 
in the direction of the dip is corrected by moving one of the sliders 
a little towards the centre on one arm, and a little from the centre on 
the other arm. By this new distribution of the matter, the bar is 
agaip brought into a horizontal position, and all undue tendency to 
an oscillating or swinging motion so far avoided, for there is still as 
much matter to be moved on one arm of the lever as on the other, 
whilst the change of the angular inertia of the sliders is so small that 
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it may, for all practical purposes, be neglected in the calculation. 
The needle, though light, has considerable magnetic power, lifting 
at either pole three times its own weight of iron, and producing 
according to Scoresby’s method of deflections, a deviation of 22^ at 
a distance of twice its length from the c^tre of the trial needle. 

The needle and card are placed closely within a dense ring of pure 
copper, the influence of which, as has been already shown (785) is 
to bring the needle rapidly to rest in its meridian, whenever from 
any cause it is put into a state of oscillation ; so that the efiect of 
disturbing forces on the card (a very light disc of talc), such as that 
of a ship’s motion at sea, is checked at the instant without the aid of 
mechanical restraint,* and the needle is thus prevented from moving 
out of its natural position, at least to any inconvenient extent, by 
moans of an invisible agency, and without any interference with its 
directive property. This efiect of the copper ring in calming the 
oscillations of the compass, may be immediately seen by attracting 
the needle aside 90° from its meridian, with a small piece of iron, 
and allowing it to swing from that point, when it will be ob- 
sensed to be rapidly reduced to rest at each swing. Thus in an 
experiment described by Messrs. Lilley, a needle and card of 7 or 6 
inches in diameter, were observed in an open space to make 25 swings 
and to occupy 200 seconds, in coming to rest from an angle of 90®, 
whereas within a ring of copper, it came to rest in 5 swings and 
only occupied 40 seconds. The needle point is centrally fix%d in a 
transverse bar placed as a diameter to the ring of copper. Should 
the point w^ear, or be damaged from any cause, it may be unscrewed 
and screwed in the reverse way, the point being a double one. 
The cap also can be renewed w'hen requisite. The compass kettle 
is fitted with faces of plate glass, so that the card may be lighted 
from below or above it. These compasses can bo fitted to any bin- 
nacles, and adapted to any locality of situation on board. When 
the horizontal position of the card is disturbed by any alteration of 
dip incidental to a change of latitude, it is to be corrected by 
moviqg the silver sliders on the needle. 

(870) This compass, which has now been in use for some years, 
appears to fulfil all the conditions requisite to the full practical 
conditions of the mariner’s compass. In the heavy seas about Cape 

* Sir William Harris has investigated the magnetic conditions of this phe- 
nomenon (PhU. Trans., 1881), and has shown that the restraining force with a 
magnet of a given power, is as the quantity of the copper within the sphere of 
action directly, and as .the squares of the distances from the magnetic polar 
extremity of the needle inversely. 
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Horn and the Cape of Good Hope, the card was not found to 
oscillate more than from i to J a point each way, and it has been 
found to be especially steady in steam ships fitted with the screw 
propeller. 

(871) The following is ^he method of testing the compasses 
intended to be employed in H.M.’s sliips, as adopted in the Observa- 
tory at Woolwich.* 

Fig. 302. 



Three pedestals, S N C. (T'ig. 302), arc firmly fixed in the room, quite 
independent of the floor, in the line of the magnetic meridian. 
The pedestal S carries a suspended magnet, which is ohserve'd by 
means of a transit telescope fixed on the centre pedestal, C ; on the 
pedestal* N is placed the compass to bo examined. The collimating 
magnet S consists of a hollow steel cylinder I an inch in diametor 
and about 6 inches in length, centrally suspended in an appropriate 
frame by a long silk fibre ; a small lens is fixed in the N. end of 
the cylinder, and there is an extremely fine scale of 160 divisions 
traversing it horizontally and right across its centre. The transit on 
the central pillar C being duly adjusted and dircctcid in the axis of 
the collimating magUet, its scale is observed to vibrate across fine 
filaments of spider’s Tveb fixed perpendicularly in the tube of the 
telescope. The magnetic meridian being found by these means, the 
transit is turned over and directed towards the N. upon a^mark 
painted on a distant wall on a rising ground called Cox Mount ; this 
mark corresponds to the line of the collimating magnet on pedestal 
S ; we thus transfer over, as it were, the line of the magnetic me- 
ridian, as taken in the telescope, upon the compass to be examined, 
and which is placed on the pedestal N. The needle and card being 
removed, the compass is so adjusted in position by the appropriate 
apparatus on which it rests, as to bring the point of suspension of 
the needle in the line of the telescope, and so bisect it ; this done, 
* Harris’B ** Rudimentaiy Magnetism,” Part III., p. 157. 
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the card is repkoed, and its N. pole is made also to coincide with 
the line of the telescope-. 

For the adjustment of the azimuth compasses there is a set of 
graduated divisions painted on the distant wall, and the verticalline 
of the telescope is conveyed through thi window so as to cut these 
divisions ; the prism is now adjusted for the zero point of the card, 
the hair line of the sight vane being directed to the particular 
division on the waU cut by the vertical line of the telescope. 

The pivots, caps, and gimbals, and the metal of the compass bowl, 
&c., are now carefully examined; also the magnetic power of the 
needles, which are tested by a standard magnetometer of deviation, so 
that errors liable to arise in any particular instrument are certain to 
be detected. 

(872) Local Attraction , — From what has been said respecting the 
temporary magnetic condition of iron under the influence of terres- 
trial magnetic induction, it is obvious that the compasses in ships 
must be subject to derangements from the large masses of iron, 
guns, anchors, cables, &c., on board. These derangements amount 
sometimes to 16^ or 20^, and have exposed the vessel to the most 
imminent perils ; indeed, there can be little doubt but that some of 
the most dreadiiil shipwrecks which arc to be found recorded in our 
naval annals arc to be ascribed to this. The loss of IT.M.’s ships St. 
George, of 08 guns ; Defiance, 74 ; and Hero, 74, in the winter of 
1811-12, are cases in point. The Hero sailed December ISthy 1811, 
from ^V'ingo Sound in the Gattegat. and instead of standing well to 
the westward to compensate for tlic deviation of the compass and the 
action of a north-easterly wind, steered directly the com 2 ^ass course 
for the Downs, the consequence was that she struck the ground in a 
heavy squall of wind and sleet upon Haak Sand near the Tcxel* 
Island, and soon went to pieces, all on board, with the exception of 
eight, perishing. The St. George, which had been dismasted in the 
Baltic, attempted together with the. Defiance to perform the same 
passage, .unfortunately both steering a direct compass course ; both 
ships went on shore on the western coast of North Jutland; of the crew 
of the former only eleven, and of the latter only six men were saved. 
The number of persons who suflered in these three ships, including 
the whole of the officers on board, amounted to nearly 2,000, being a 
greater loss of life in British seamen than has occurred in some of 
the most splendid battles in which our fleets have been engaged. In 
iron ships the disturbance is far more serious than in vessels built of 
wood; it is sometimes indeed so great as to render the compass nearly 
useless. Messrs. Lilley, for “instance, observed in the steam ship 
Shanghai, one of the vessels of the Peninsular and Oriental Company, 
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a deviation, with the ship’s head to the 8., amounting in the 
binnacle to 171*^ 34' W., being more than 16 points. 

(873) A subject of such serious, we may say of such national 
importance, has demanded the particular attention of scientific men, 
but although many useful investigations have been made, the problem 
of compensation for local attraction as regards iron ships is not as 
yet satisfactorily solved. We have already alluded to Professor Bar- 
low’s “ neutralizing or correcting plate,” and as this method of com- 
pensation has, for wooden vessels, proved in practice eminently 
successful, we will now give a more particular account of the instru- 
ment (Encycl. Art. Magnetism). T is a rod of copper 

Fig. 303. 



inches in diameter, and F F' two plates of iron about 12 or 
13 inches in diameter, and of such a thickness that a square 
foot of it will weigh about 3 lbs. avoirdupois; these plates are 
separated by a circular sheet of card, and pressed against each other 
at their centre by a screw on the end of the rod T, and at their 
margins by 3 small screws of iron. The compass C is placed on 
the top of a w- ooden box B, and the corrector T, is placed in one of 
the holes in the side of the box. 

The adjustment of the plate is made when the ship is lying in a 
calm bay near the shore ; an observer with a needle and theodolite 
is placed at some distance from the shore, from which he can per- 
ceive the ship while she is turning her head in difierent directions. 
The compass on board the ship is under the management of another 
observer, with the same apparatus. At a signal given, the observer 
determines the angle which his own needle makes with the axis of 
the telescopes (one being directed to the other), which is called the 
central line. But as the needle on shore experiences no disturbing 
action, it is evident that if the needle on ship-board also experience 
none, the two needles will be parallel, and will form the same angle 
with the central line. Hence the difference between these two 
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angles, when they are not the same, is that which is produced by the 
magnetic action of the iron in the ressel from its compass needle at 
the instant of observation. The vessel is now made to turn round 
completely, and a new observation is made at every azimuth of 10 
or 12 degrees ; the value of the deviation produced in all positions of 
the ship’s head upon the compass needle is thus obtained. When 
this is done, the observer on shore takes away his compass, and 
replaces it with that of the ship, which he sets on the wooden cage 
(Fig. 303), having different holes for receiving the axis T of the plate 
F' F, As the box is turned round its axis, it carries along with it 
the compensator F F', which will affect the needle of the compass C 
differently in different azimuths; and by a few trials it may be 
adjusted by means of the holes of its axis T to produce the very 
same deviations in the compass as was produced upon it when in the 
ship by the action of the iron. When it is done, the position of the 
centres of the plate F F^ with regard to the needle is completely 
marked, and when it is taken on board the ship, and placed in its 
proper position, the compensator is adjusted on the stand which 
carries the compass, so as to have exactly the same relative position 
as it had in the box D. 

Now since the compensator produces the same effect as the iron 
on shipboard does, the deviation will be doubled in place of being 
corrected; but this furnishes the means of making the correction. 
If the variation is found to be 36° W. by the compass ivithout the 
compensator^ and afterwards 40^ with the compensator, the difference 
40° — 3G°==4° shows that the compensator augments the variation 4°, 
and the iron on board the vessel as much. Hence the true variation 
will be 3G° — 4=32°, or 40 — 4 — 4=32°. If the observations with 
the compensator had given a less result than without it, tliis would 
have sliown that the action of the iron had diminished the declination, 
and the difference of the two observations must have been added to 
the first to have the true declination.* 

(874) Local Attraction in Iron Ships . — It had been noticed by 
Captain Johnson that an iron ship operates on the compass needle in 
the same manner as a permanent magnet placed outside the vessel ; 
this observation induced the Astronomer-Hoyal to direct his attention 
to the subject with a view to the discovery of some method of cor- 
recting the local attraction in iron vessels. The r^ults of his inves- 

* This method of correcting the compass for local attraction is not, we believe, 
now adopted in the Hoyal Navy. Either tables of errors are constructed for each 
ship, or the card is distorted so as to correspond wdth the true magnetic direc- 
tion of the ship’s head, the vessel being swung upt)n the different points of the 
compass. 
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tigations were communicated to the Eoyal Society, and are published 
in the Transactions for 1839. The experiments were made on board 
the iron steam ship Eainbow, and the iron sailing ship Ironsides. 
For the purpose of ascertaining the laws of the deviation of the 
compass, four stations, were selected in the vessel, about 4 feet 
above the deck, and at these the deviations of the horizontal com- 
passes were determined in various positions of the ship’s head. All 
these stations were in the vertical plane, passing through the ship’s 
keel, three being in. the after part of the ship, and one near the bow. 
Observations were also made for determining the horizontal intensity 
at each of the stations. The deviations of dipping needles at three 
of these stations were also determined, when the plane of vibration 
coincided with that of the ship’s keel, and also when at right angles 
to it. The most striking feature in the results as to the disturbance 
of the horizontal compass at the four stations, was the very great 
apparent change in the direction of the ship’s head as indicated by 
the compass nearest the stern, con’esponding to a small real change 
in one j^articular position ; the former change being 07^^, wlicreas the 
latter w’as only 23"^ ; and the small amount of disturbance indicated 
by the compass near the bow. 

Any attempt to discuss Mr. Airy’s elaborate mathematical inves- 
tigation would be quite foreign to the object of this work. 

(875) The fundamental supposition of the theory of induced Mag- 
netism on which he rests his calculations is, that by the action of ter- 
restrial Magnetism, every particle of iron is converted into a magnet, 
whose direction is parallel to that of the dipping needle, and whose 
intensity is proportional to that of terrestrial Magnetism ; the upper 
end having the property of attracting the N. end of the needle, and 
the low^cr end that of repelling it. He deduces the following simple 
rule for the correction of a compass disturbed by the induced Mag- 
netism only of the iron in a ship ; — 

1. Determine the position of Barlow’s plate with regard to the 
compass, which will produce the same effect as the iron in the ship. 

2. Fix Barlow’s plate at the distance and depression determined 
by the last experiment, but in the opposite azimuth. 

3. Mount another mass of iron at the same level as tlie compass, 
but on the starboard or larboard side, and determine its position so 
that the compass points correctly when the ship’s head is N.E., S.E., 
S.W., or ; then the compass will be correct in all positions of 
the ship’s head, and in all magnetic latitudes. 

When the disturbing iron of the ship is at the same level as the 
compass, the correction is stated to be much more simple, it being 
then only necessary to introduce a. single mass of iron at the star- 
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board or larboard side, and at the same level as the compass ; but in 
the construction of the ship, and in the fixing of correctors, no large 
mass of iron should be placed below the compass. 

(876) In his experiments on the ship Ironsides, Mr. Airy corrected 
one of the compasses by a tentative process, which he considers 
likely to be of the highest value in the correction of compasses of 
iron shi{)s in general. The ship’s head being placed exactly I'T. 
as ascertained by a shore compass, a magnet was placed -upon the 
beam from which the compass was suspended, with the direction of 
its length exactly transverse to the ship’s keel ; it was moved upon 
the beam to various distances, till the compass pointed correctly, and 
then i^ was fixed. Then the ship’s head was placed exactly E. and 
another magnet, with .its length parallel to the ship’s keel, was 
placed upon the same beam, and moved to difterent distances till the ' 
compass pointed correctly, and then it w'as fixed. The correction for 
induced ]\lagnetism was neglected, but there would have been no 
difilculiy in adjusting it by the same process, placing the vessel’s 
head in azimuth 15^^ or 185^, or 225®, or 315®. The dcviati#is of 
the compass are caused by two modifications of magnetic power ; the 
one being the independent Magnetism of the ship which retains, in 
all posit ions ‘of the ship, the same magnitude and the same direction 
relatively to the ship ; the other being tlie induced Magnetism, of 
which the force varies in magnitude and direction when tlie ship’s 
position is changed. In the cases investigated by ]\Ir. Airy, the 
olTect of the former force was found greatly to exceed that of the 
latt(‘r. Tlu^ most remarkable result, in a scientific view*, of Mr. Airy’s 
investigation, is the great intensity of the permanent JMagnetism of 
the malleable iron of which the ship is composed. It appears, how- 
ever, tliat almost every jdate of rolled iron is intensely magnetic. 

(877) The Eev. Er. Scoresby, whose unceasing labours in the 
service of practical inaghetics wo have had occasion repeatedly to 
refer to, has devoted mucli study to the variation of the compass in 
iron vessels.* lie considers that the adjustment of the compasses 
of iron ships by fixed permanent magnets is not only delusive but 
dangerous. Iron becomes magnetic by virtue of the inductive influ- 
ence of the earth, but its Magnetism might be controlled, altered, or 
destroyed, by mechanical action (859 — 861). Applying this to the 
case ot iron ships, Dr. Scoresby considers that, in consequence of the 
percussive action to which the material is exposed while the ships 
are in course of construction, it becomes as intensely magnetic as it 


♦ Vide “ Magnetical Investigations,” vol, ii. ; also, Reports of tliuo Procoeilings 
(•f the British Association at Oxford in 1847, and at Liverpool in 1S54. 
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is possible for malleable iron to do. This augmented Magnetism is 
not, however, permanent or fixed, but under diiferent circumstances 
as to the relative deviation of the ship’s Magnetism and that of tlie 
earth, is easily changeable, and liable necessarily to be changed. 
Experiments on rolled iron plates of the same kind as those of which 
ships arc generally built, showed that in them the Magnetism was 
changeable and controllable like that in bar iron under the requisite 
change of position, by vibratory or percussive action. Dr. Scoresby 
likewise made experiments on a portion of a plate cut out of the side 
of a ship recently built, and the results of his observations was to 
establish the fact that, besides the two denominations of Magnetism 
ordinarily received, that of simple terrestrial induction, and that of 
permanent independent Magnetism, there was another denomination 
corresponding with neither, not being absolutely controllable, like 
the former, by terrestrial influences, nor capable, like the latter, of 
resisting all kinds and modes of mechanical violence. To this deno- 
mination he gives the name of retentive Magnetism. The vibration 
of a^hip in a heavy sea is sufficient to change the original Magnetism 
developed and augmented in the course of her construction. A great 
deal will depend on the position in which the ship has been built. 
If, for instance, she has been built with her head to the N.E., 
she will have a certain magnetic distribution, but wljcn she begins 
to strain with her head to the S.W., that distribution will be- 
come changed, and the first effect will be to alter the compasses 
adjusted by fixed magnets. All attempts, therefore, to adjust a tran- 
isient influence by a permanent one, only aggravate the error which it 
is sought to overcome, and captains of ships should lose no oppor- 
tunity of correcting and verifying their compasses wdienever the sun 
or a star is in sight. A compass should likewise be kept aloft, as far 
as possible from the iron of a ship, as a standard for reference. An- 
other objection that has been raised to the Astronomer-Eoyal’s 
system is, that the magnetic poles of the compensating magnets are 
liable to change or vary in their intensity. 

The Magnetism of iron ships is tfius changeable in all its qualities, 
the most enduring being of a description changeable under severe 
straining and mechanical violence ; this Scoresby calls “ retentive 
Magnetism^ His suggestions are : — 

1®. A standard azimuth compass to be placed on a high pedestal 
where (on the Admiralty plan) a position of small deviation may be 
found. 

2^. A compass at the mast-head for reference will be best of all. 

3®. The wheel compass required for ships engaged in the home 
trade, or traversing mainly parallels of latitude, not southward of the 
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Mediterranean, if adjusted with magnets and pieces of iron, may not 
then be unsafe, where reference may always be had to the standard 
for verification. 

4°. No standard compass in great distances. 

5^- Care in selection of compasses to have ample directive force. 
11 is improvement had trebled the directive force weight for weight 
of the compasses used in the Navy up to 1849 or 1850. 

6^ Captains sliould bo made to take observations for verifying 
their compasses by azimuth compasses, stars, position of land, &c. 

7"^. Captains should have a special knowledge for the charge of 
iron ships ; for here, in addition to the ordinary dangers of naviga- 
tion, is a new source of error and misguidance, as to which it is most 
important he should never be thrown ofi'his guard.* 

* A mo.st lamentable ingtance of the loss of (in iron ship in consequence of 
change.s in the ac;tion of her compasses, occurred in the early part of the year 
1854. The circumstances were as follow ; The ship, Tayleuv, a new vessel 
bound to Australia, sailed from Liverpool on Thursday, IDth January ; she was 
1,971) tons burden new measurement, and she had on board 458 passengers — the 
(;row and pasKengors together making a total of .528 persons. She loft the Mersey 
about noon, and the })Ilot left her between seven and eight o’clock in the evening 
in a ])osition between Point Lynas and the Skerries. On Friday she encountered 
very lit^avy weather, and about eight o’clock on the following morning it was for 
th(; first time a.s(;ertaiued that there was any material difference between her 
compasses. One was near the helmsman, and was the. one by which he was steer- 
ing ; the other was near the iiiizoii mast. Both of these compasses had been 
adjusted by permanenf magnets, so th.at ff the i>rineiplc of adjustment had been 
correct, they should not cither have changed or differed from each other. Trust- 
ing to the compass near the helmsman, the captain had the idea firmly impressed 
upon his mind that he was sailing fairly do>vn almost mid-chamiel ; at all events, 
ill a good position for navigating the Irish cliannel. The other compass indicated 
a diliereiice of about two points ; the captain, however, judging from certain 
indications which he had noticed previous3ly, a.ssumed that the wheel compass was 
tlie corr(5Ct one. In the course of a few hours—about half-past eleven o’clock on 
the same morning — the Aviiid having increased and a heavy sea setting up the 
channel, the shij) made rather a rajnd j)rogress, when they came suddenly in 
sight of laud on the lee beam in such a position that’ there was necessarily a great 
difficulty — in this case (according to the uiea.surcs pursued), an insurmountable 
difficulty — in avoiding the land. An attempt was made to wear the ship round ; 
this failed, and then an attempt was made to use the anchors to bring her up. 
Both the cables snapj>ed on tlic occasion, and the ship was thus left hel^dess, 
driving broadside ui)oii the rocks of Lambay Island. The result was the fearful 
catastrophe of the loss of about 290 lives ! Inquiries were instituted by the 
Board of Trade in two dejiartments ; one by means of Captain Walker of the 
Navy, who ascribed the loss of the vessel to the captain’s supposition that the 
compass by the helm was correct ; the other by meaus of the Marine Board of 
Liverpool, who reported that although the captain had given very gi-eat attention 
to the ascertaining of the correctness of his compasses, yet the Tayleur was 
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(878) To tliese observations of Dr. Scoresby, Mr. Airy has made 
a reply {AthentBum, Oct. 28, 1 864) to the following effect : He objects 
to the term “ retentive** or “ retained** Magnetism, as representing 
the characteristics of the Magnetism of wrought iron plates, which 
appears to him to differ very little from the Magnetism of hard 
steel bars. Both are magnetized by induction, and both are liable 
to have their Magnetism weakened or reversed ; but as in practice 
the Magnetism of an iron ship is slightly more liable to change than 
that of a carefully preserved steel bar, he would call it “ sub- 
permanent polar.*’ He thinks it likely that the striking character 
of Dr. Scoresby’s experiments, produces an impression of the extent 
of their applicability to iron ships, far greater than is warranted by 
careful consideration. We may speak poetically of the shocks which 
a ship receives from* the waves, but, in reality, the plates of iron of 
which a ship is composed sustain no such shocks. The direct effect 
of the most violent sea upon them is this : that in the course of two 
or three seconds of time, the plate is plunged 5 or 6 feet deeper in 
the water, and sustains the corresponding hydrostatic pressure. 
This is very different indeed from the raps or slaps in Dr. Scoresb 3 '’s 
experiments, in w'hich it is essential that the blow be of the nature 
of imipact^ occupying a very small fraction of a second of time. Pi o- 
bably the strain of extension to which the plates are subjected may 
produce a greater effect ; on this, however, experiments are wanting. 
But even here the change in the state of extension is not sudden,* 
but gradual. The tremor produced by steam power is more likely to 
affect the plates in some parts of the ship. It is evident that there 
are causes in action tending to produce effects like those exhibited 
in Dr. Scoresby’s experiments ; and it is equally evident that the ac- 
tion of those causes must be exceedingly slow. The change to be ex- 
pected in a ship’s sub-permanent Magnetism in sailing from England 
to the Cape of Good Hope, does not essentially depend on her passing 
into another magnetic hemisphere. It docs depend mainly on this 
circumstance : that supposing her to have been built wdth her head 
to the north, or in the line of boreal Magnetism, she is then turned 
with her head to the south, or in the lino of austral Magnetism, and 
is so kept exposed to slight tremors for one or more months. If she 
had been moored off the coast of Portugal for the same time, in the 
same position, and exposed to the same tremors, Mr. Airy believes 
that her Magnetism would have undergone nearly the same change 

brought into the dangerouB position in which the wreck took place, through the 
deviation of the compassee— the cause of which, they (the Marine Board) had been 
unable to determine.—/2^o»^ of iU Twenty fourth Meeting of the British Asaocia,- 
tion, Liverpool — Athenesum. 
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(as regards borizontal deviation of the compass) as in the voyage to 
the Cape of Good Hope. 

(879) Mr. Airy adverts to the following two sources of error to 
which his method of correcting compasses may be liable, if due care 
is not exercised. The first is, that captains are hardly aware that a 
very trifling disturbance in the position of the compass (for instance, 
a change of a quarter of an inch in the height) may very greatly 
disturb the neutralizing influence of the magnets. The second is, 
that the artists who correct the compasses are too much inclined to 
place the correcting magnets in the position called “ end on.” In 
this position the magnet exerts greater deflective power, but it also 
introduces a force perpendicular to the ship’s deck ; and this force, 
when the ship reels, produces an uncorrected horizontal disturbance. 
Wliile the building in iron was principally confined to paddle steam 
ships, this was not important ; but now, when so many screw steam 
ships and sailing ships are built of iron, this arrangement ought 
never to be used. 

(880) To the important question — What (under all circumstances) 
is it best to do now ? Mr. Airy answers by asserting, in the first 
])lacc, that the source of local disturbance and its laws are perfectly 
well known ; that the disturbance can be neutralized by well known 
means to the greatest exactness ; and that this neutralization is 
perfect during change of time and change of place, until the ship 
herself undergoes an organic change. In the next place, he protests 
strongly against the system now generally in use in tlie Itoyal Navy, 
of using a table of errors, and thus constantly makijig numerical 
corrections, instead of at once making a mechanical correction. 1*^. 
It is baffling to the mariner. 2 ^. It is liable to exactly the same 
errors, in the event of a change in the ship’s sub-pennanent Mag- 
netism, as the system relying on the mechanical correction. 3°. It 
is liable to errors peculiar to itself, which would be entirely avoided 
by the use of mechanical correction. 4°. In extreme teases it cannot 
be used at all; thus, in the Greenland sei^s the compasses would 
sometimes turn round with the ship ; whereas, there are in the 
Greenland seas several iron ships with correcting magnets effecting 
their purpose 8 uceessfull 3 \ 5°. In cases not so extreme, the incon- 
venience is intolerable ; thus, in one instance w'hich came under 
Mr. Airy’s own eyes, the compass changed 100° with a very small 
motion of the ship ; and the directive intensity in one position was 
only doth of what it was in another position : these inconveniences 
are entirely remedied by the correcting magnets. 

(881) After a due consideration of the whole mailer, Mr. Airy 
has come to the following conclusions : For voyages of moderate 
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duration, as, for instance, not farther than to tjie Mediterranean, or 
to the northern parts of N. America, no improvement can be made 
in the existing system, except in the details above alluded to. The 
!‘end on’’ position of the magnets ought to be forbidden, and some 
attention ought to be given to the ship’s sub-perm ancnt Magnetism 
in the direction perpendicular to the deck. For voyages of greater 
duration, as to the Plata, the Cape of Good Hope, &c., he thinks it 
desirable that means should be provided for enabling the captain to 
make the small changes which may be required in the correcting 
magnets, and he undertakes to point out a practical course by which 
this can be eflected. He thinks that some general supervision 
should be exercised by the Board of Trade over the correction of the 
compasses in iron ships, and that the Marine Board of Liverpool 
should interest themselves in the matter. He volunteers his assist- 
ance, and expresses his conviction that with tlie sanction of one 
liberal ship-owner, the aid of one intelligent captain, and the com- 
mand of one ship for a few days, he could arrange everything with 
good hope of complete success. The above remark s arc intended to 
apply to iron-\)\xi\t ships only, in which the sensible part of the 
disturbance of the compass is produced almost entirely by the ship’s 
sub-permanent Magnetism. In wood-built ships, in which the in* 
duced Magnetism is the principal disturbing power, the rules of 
correction are necessarily different; here, however, Mr. Airy also 
disapproves of the use of a table of errors, and j^refers that of me- 
chanical correction ; the nature of which, as applicable to the neu- 
tralization of induced Magnetism, is perfectly understood.* 

(882) The Dipping Needle . — The important fact that a magne- 
tized needle when allowed perfect freedom of motion endeavours to 
place itself in the plane of the magnetic meridian in a direction more 
or loss inclined to the horizon, was discovered about the year 1750, 
by B-obert Norman, an optician, of London ; but many years elapsed 
before it was known that this inclination of the needle was subject 
to a variation; this interesting fact has, however, been well ascer- 

* Dr. Scorcsby has undertaken a voyage to Australia with an express view of 
performing experiments in the southern hemisphere ; the directors of the Liver- 
pool and Australian Navigation Company having granted him the use of a state 
cabin in their sjdendid screw steamer The Royal Charter, a vessel well adapted for 
investigations of this nature. The masts are of wood. The compasses are so 
arranged as to chock each other. The wheels are, it is said, not likely to influence 
even delicate experiments. Dr. Hcoresby sailed in January (1856). 

Mr. Hyde, of the Cumberland Iron Works, Bristol, is reported {Times, Tuesday, 
December 11th, 1855) to have solved the difficulty of the variation of the compass 
in iron ships, by placing the compass in a neutral position in the vessel where the 
Magnetism of the iron in the afteq^art is exactly balanced. 
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tained, and various ^strumcnts, called dipping needles, Lave been 
constructed, with a view of ascertaining the amount of the dip in 
different places at the same time, or in the same place at different 
times ; but it was not until the latter end of the last century that 
sufficient accuracy could be carried into their 
construction to render them fully competent to 
the delicate task they were intended to j)erform. 

A simple form of the dipping needle is shown 
in Fig. 305. It consists of a brass plate sup- 
ported on a flat stand by 3 screws ; on this 
plate is placed a spirit-level for adjusting the ^ 
plate horizontally ; a stout hollow brass pillar 
rising from the centre of the plate carries a 
circular box, forming the case of the dipping 
needle, which turns freely on two finely polished 
planes of agate. 

(883) It is very rarely, however, that a needle can be so nicely 
balanced as lo give the exact dip at a single observation. The usual 
mode of proceeding is, therefore, as follows : Having taken eight or 
ten observations, turn the needle completely round ; viz., if in the 
first instance the face was towards E., turn it now to W. ; if 
it was before W., turn it to E. ; this is very easily effected by 
the graduations on the lower limb of the instrument. Here, 
again, the same number of observations are to be taken, in the same 
manner as above, which, from slight defects of construction^ may not 
agree precisely with the former; let, hov»cver, the mean in both cases 
be preserved by dividing the sum of each set of observations by the 
number of them. Tlie needle is now to be removed from the box, 
and its poles inverted by any of the usual methods of magnetizing ; 
80 that when replaced on its .axis, that end which was before below 
the horizon will now be above it, and if the needle be correctly 
balanced, by exactly the same quantity ; but if not, as is most likely 
to happen, w'c must get two other means, <is above, .and the general 
mean of the four will be very nearly, or exactly, the true dip. 

(881) It is easy to sec ho’w the least possible defect in the axis, 
or the interposition of the smallest particle of dust will be sufficient 
to stop the motion of the needle, and lead to inaccuracy in the 
results ; for if we examine the nature of the force by which the 
needle is brought into its direction, we shall see that it varies as the 
sine of the angle between its true position and that in which it is 
actually found at any time, and therefore when the needle is, say 15^ 
of its natural position, the lever by which the power is communicated 
to the needle is only equal to the sine of 15', or the power of the 
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teiTestrial Magnetism on the needle in this position is to the same 
when the latter is at right angles to the dip, as radius to sine 15', or 
as 1 : *0043. (Barlow.)^ 

(885) The Variation Compass . — This instrument being only in- 
tended for measuring small changes in the declination of the 
magnetic needle, either annual or diurnal, is more limited in its arc 
of vibration, and is generally longer than the needle used for com- 
mon purposes ; it is also furnished with conveniences for reading 
closer than the ordinary compass ; otherwise any needle so mounted 
and furnished as to be very sensible and capable of being read olf to 
minute divisions, might be used as a variation compass. In general, 
however, needles intended for this purpose are constructed in a 
particular manner, having only a very small part of the circle gradu- 
ated, and the means of distinguishing small changes better suited 
to the eye than they generally are in common horizontal needles. 
The place in which the instrument is fixed is required to be par- 
ticularly firm and steady, and in short, every precaution is necessary to 
be had recourse to in order to avoid small irregularities, because 
the changes to bo observed are in themselves so small that with- 
out the greatest accuracy they may be either overlooked, or the 
irregularities of the instrument may so combine them, that every 
attempt to deduce law's from them would be unavailing.f 

(886) The Declination Magnet . — This instrument as constructed 
by Professor Gauss, of Gottingen, consists of a prismatic magnetic 
bar, suspended by untwisted threads of raw silk. To the S. 
or N. end of the bar a plane mirror is fixed, and it is enclosed 
in a wooden cylindrical box, wiiich besides the small aperture in the 
lid for the passage of the thread, has a larger one in the side, which 
is rather higher and wider than the mirror. Opposite the mirror 
a theodolite is placed, the vertical axis of which is in the same 
magnetic meridian with the line of suspension, and at a distance 
from it of about 16 Parisian feet. To the stand of the theodolite is 
fixed a horizontal scale of 4 feet in length, divided into single 
millimetres: it makes a right angle wdth the magnetic meridian. 
That point of the scale which is situated in the same vertical 
plane with the optical axis of the telescope, and wdiich may be 
called the zero point, is marked out by a fine thread of gold 
depending from the middle' of the object glass, and charged with a 

* For a description of a beautiful dipping-needle deflector invented and used 
by Mr. Fox for measuring the variation and dip of the needle, and the magnetic 
intensity, see the Report of the Royal Cornwall Polytechnic Society for 1835. 

t The most perfect variation compass is, probably, that employed by Colonel 
Beaufoy, for a description of which see Annals of Philosophy ^ 1813. 
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weight. The scale is fixed at such a height that the image of a 
portion of it is seen in the mirror through the telescope, the eye- 
glass of which is adjusted accordingly. At the opposite side from 
the needle, in the same vertical. plane, and at a distance from the 
telescope equal to that of the image, a mark is fixed serving every 
instant to ascertain, the unchanged position of the theodolite. It is 
obvious that if all these conditions be fulfilled, the image of the 
zero point on the scale will appear exactly on the optical axis of the 
telescope, and that so far as an object of known azimuth is visible at 
the place of the theodolite, we may by means of this instrument 
immediately find the absolute magnetic declination. If, on the 
other hand, these conditions are only partially fulfilled, then 
generally speaking, the image not of the zero point, but that of 
another point of the scale, will appear on the optical axis; and if 
the horizontal distance of the scale from the mirror, have been 
measured with exactness, it will bo easy to reduce the amount of the 
divisions of the scale to the corresponding angle, and thus to correct 
the result first obtained. By turning the needle in the stirrup so 
that the upper surface becomes the lower, the amount of the error 
of collirnation of the mirror may be ascertained with great ease and 
precision. By this mode of operating the direction of the needle 
and its variations are determined with the greatest possible pre- 
cision. 

(887) The Horizontal Force Magnetometer. — In this instrument, 
which is intended to measure the changes which occur in the 
directive force of the needle, the magnetic bar is suspended by two 
parallel bundles of unspun silk fibres, by twisting which the bar is 
forced into a position perpendicular to the magnetic meridian, and 
maintained in eqxdlibrium by the opposition of two equal forces ; the 
reactive force of the suspension tending to untwist the silk, and the 
magnetic force of the bar by which it seeks to recover its normal 
position. Now, as the first of these forces is constant, it is evident 
that any change of the latter will give rise to small movements in 
the position of the bar; these movements* are read off by a telescope 
directed towards a mirror attached to the centre of the bar, and 
variations in the horizontal magnetic force are thus determined. 

(888) The Vertical Force Magnetometer, — The object of this instru- 
ment is the measurement of the vertical component of the magnetic 
force and its momentary changes, without knowing which it is 
impossible to conclude anything as to the real nature, amount, and 
direction of the perturbative forces. It is a species of magnetic 
balance in which a needle or magnetized bar placed in the magnetic 
meridian, is coerced by the action of small w’eights from its natural 
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direction to a horizontal one. This condition renders it possible to 
rest it by knife-edges invariably fixed in, and forming a part of it, 
on planes of agate, and thus to secure for it in all geographical 
positions, the same delicacy, sensibility, and freedom of motion which 
belong to the ordinary balance. Thus coerced, adjusted, and counter- 
poised, whatever movements take place in it, ai;e referable directly 
to changes in the amount of the vertical magnetic force which 
opposes, and in its mean situation neutralizes, the action of the 
weights. The bar carries over and across its axis a small mirror, and 
the movement being read ofi* by a microscope and subjected to cal- 
culation, afibrds a measure of the amount of those changes. This 
beautiful instrument is considered by its inventor, Mr. Lloyd, 
to be capable of detecting a change to the extent vo Jt»T)th of the 
total magnetic intensity.* 

* The labour of registering magnctical observations has been lately relieved by 
photography — perhaps the moat valuable application of that beautiful art. Two 
methods are in use : that of Mr. Brooke, for a desciiption of which see Bird and 
Brooke’s ** Elements of Natural Philosophy,” p. 271 ; and that of Mr. lionalds, for 

which see PkU. Tram., 1847, p. 111. 
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CHAPTEE XVII. 

MAGNETISM — (Continued) . 

Miignetical observations — Humboldt’s researches — The declination of the hori- 
zontal needle Isogonic lines — Periodic variations — Sabine’s researches — The 
inclination of the needle— The magnetic etjuator— Terrestrial magnetic inten- 
sity— Magnetic storms— Theory of terrestrial Magnetism. 

(880) In April, 1836, Baron Alexander Von Humboldt addressed 
a letter to llis Eoyal Highness the Duke of Sussex, President of the 
Eoyal Society of London, to solicit the co-operation of that body 
towards the advancement of the knowledge of terrestrial Magnetism, 
by the establishment of magnetic stations and corresponding obser- 
vations, and soliciting it to extend, in the colonies of Great Britain, 
tlie line of simultaneous obsen^ations ; these stations he proposed to 
be established, either in the tropical regions on each side of the mag- 
netic equator, or in the high latitudes of the southern hemisphere 
and Canada. 

This distinguished traveller had been for many years much occu- 
pied with the phenomena of the intensity of the magnetic forces, and 
the inclination and declination of the magnetic needle. During the 
years 1806 and 1807, particularly at the periods of the equinoxes 
and solstices, he measured the angular alterations of the magnetic 
meridian, at intervals of an hour, often of half an hour, without 
interruption, during four, five, and six days, and as many nights, in 
a large garden at Berlin. The instrument he employed was a mag- 
netic telescope (lunette aimanUe) of PronyJ capable of being reversed 
upon its axis, suspended according to the method of Coulomb, placed 
m a glass frame, and directed towards a very distant meridian mark, 
the divisions of which, illuminated during the night, indicated even 
BIX or seven seconds of horary variation. In verifying the habitual 
reg arity of a nocturnal 'period, he was struck with the frequency of 
the perturbations, especially of oscillations, the amplitude of which 
extended beyond aU the divisions of the scale, and which occurred 
repeatedly at the same hours before sunrise, the violent and ac- 
celerated movements of which could not be attributed to any acci- 
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dental mechanical cause. These vagaries of the needle, the almost 
periodical return of which were aubsequently confirmed by M. 
Kupffer, appeared to Humboldt the effect of a reaction of the 
interior of the earth towards the surface of magnetic s terms ^ which 
indicate a rapid change of tension. From that time, he says, he has 
been anxious to establish on the E. and W. of the 'meridian of 
Berlin apparatus similar to his own, in order to obtain corresponding 
observations, made at great distances, and at the same hours. 

(890) In 1827, Baron Humboldt renewed these observations at 
Berlin, and endeavoured at the same time to generalize the means 
of simultaneous observations, the accidental employment of which 
had produced such important results. One of Gambey’s compasses 
was placed in the magnetic pavilion, in which no portion of iron was 
introduced, which had been erected in the middle of a garden. At 
his request, the Imperial Academy and the curator of the University 
of Gazan, erected magnetic Homes at St. Petersburg and at Gazan, 
and the Imperial Department for Mines having concurred in the 
same object, magnetic stations were successively established at Mos- 
cow, Barnaoul, and at Nertsehinsk. The Academy of St. Petersburg 
did still more, and sent a courageous and clever astronomer, M. 
George Fuss, the brother of its perpetual secretary, to Pekin, and 
procured the erection there of a magnetic pavilion in the convent 
garden of the monks of the Greek church. Subsequent to the return 
of M. Fuss, M. Kowanko continued the observations of horary de- 
clination, corresponding to those of Germany, St. Petersburg, Gazan, 
and !Nicolajeft' in the Grimea, where Admiral Greigh had established 
one* of Gam bey’s compasses, the care of which was confided to the 
director of the observatory, Mr. Knorre. A magnetic apparatus was 
also established at the depth of 35 fathoms, in an adit in the mines 
of Freiberg, in Saxony, where M. Beich, to whom we are indebted 
for valuable experiments and observations upon the mean tempera- 
ture of the earth at different depths, made observations at regulated 
intervals. Observations of horary declination, made at Marmato, in 
the province of Antioquia, in South America, in latitude 5° 27', 
in a place where, as at Gazan, and Barnaoul in Asia, the declination 
is E., have been transmitted by M. Boussingault ; while on the 
N.W. coasts of the new continent, at Sitka in the Bussian settle- 
ments, Baron Von Wrangal, also provided with one of Gambey’s 
compasses, took part in the simultaneous observations made at the 
time of the solstices and equinoxes. Magnetic apparatus were also 
sent by Baron Humboldt to Havannah and Guba ; and M. Arago 
erected a compass, at his own expense, in the interior of Mexico, 
where the soil is elevated 6,000 feet above the level of the sea. A 
magnetic station in Iceland has also been established. 



MAGNETIC OBSEIIVATOIIIES. 


613 


(891) The suggestions of Baron Humboldt received from the 
Royal Society the attention which they merited ; and a committee 
was appointed for carrying his recommendations into effect. Com- 
formably with the report made by this committee, the ten following 
places were fixed on by the council as being the most eligible for 
carrying on magnetic observations according to the plan recom- 
mended by Baron Von Humboldt: Gibraltar, Corfu, Ceylon, Hobart 
Town, Jamaica, Barbadoes, Newfoundland, Toronto, Bagdad, and the 
Cape of Good Hope ; these places being permanent stations, where 
officers of engineers and clerks are always to be found. The council 
also determined that for the present the observations of Magnetism 
may be limited to those of the direction of the magnetic needle. I 
could hardly,” says Humboldt (“ Cosmos,” Sabine’s Transl., vol. i., 
p. 419) “ entertain the hope when I first proposed to establish a 
system of observatories, that I should live to see the time when, 
thanks to the united activity of excellent physicists and astronomers, 
and especially to the munificent and persevering support of two 
governments, the Russian and British, both hemispheres should be 
covered with magnetic observatories. Prom Toronto, in Canada, to 
the Cape of Good Hope and Van Diemen’s Land, and from Paris to 
Pekin, since 1828, the globe has been covered by magnetic observa- 
tories, in which every movement or manifestation, regular and irre- 
gular, of the earth’s magnetic force is watched by uninterrupted and 
simultaneous observation. A variation of -4 ^-J^foth of the magnetic 
intensity is measured. At certain epochs, observations are taken 
at intervals of minutes, and are continued during 24 con- 
secutive hours. A great English astronomer and physical philo- 
sopher has computed that the mass of observations to be discussed 
amounted in three years to 1,958,000. Never before has an effort so 
grand and so wortliy of admiration, been made to investigate the 
quantitative in the laws of one of the great phenomena of nature. 

I need not dwell on how deeply science is indebted to 

the great and zealous exertions, on this occ[ision of Herschel, Sabine, 
Airy, and Lloyd, and to the powerful support of the British Associa- 
tion for the Advancement of Science at its meeting at Newcastle in 
1888. In June, 1839, the Magnetic Antarctic Expedition was deter- 
mined on, and placed under the command of Captain James Clark 
Ross. It returned crowned with success and honour ; having en- 
riched science with most important geographical discoveries in the 
vicinity of the Southern pole, with simultaneous observations on 
eight or ten magnetic term days, and with a determination of the 
lines of equal declination, equal inclination, and equal force for three- 
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fourtlis of tbe accessible portion of the high latitudes of the Southern 
hemisphere.”* 

(892) The magnetic apparatus with which each station is pro- 
vided, consists of the three magnetometers above described. Each 
day is, in the first place, supposed to be divided into 12 equal por- 
tions of 2 hours each, commencing at all the stations at the same 
instants of absolute time, which may bo called the magnetic hours, 
viz., 0 h. 0 m. 0 s., 2 h. 0 m. 0 s., 3 h., &c., of mean time at Gottingen^ 
without any regard to the apparent times of the day at the stations 
themselves, which wdll, of course, differ by their differences of longi- 
tude, so that the first magnetic hour which at Gottingen commences 
at noon w^ill at Dublin (1 h. 5 m. 8 s. loest of Gottingen) commence 
at 10 h. 54 m. 52 s. ; at Madras (4 h. 41 m. 42 s. east of it) at 4 h. 
41 m. 42 s. p.m. The magnetometers are read off at the commence- 
ment of every magnetic hour, day and night, Sundays excepted ; and 
to multiply opportunities for observing remarkable coincidences, the 
observation at 2 h. p.m. Gottingen mean time, is in all cases, a triple 
one, the magnetic readings being thrice repeated in a given order, at 
intervals of 5 minutes, 

(893) The magnetical observatory erected in Dublin under the 
superintendence of Professor Lloyd, is situated in an open space in 
the gardens of Trinity College, and suflicicntly remote from all dis- 
turbing influences. The building is 40 feet in length, by 30 in 
depth. It is constructed of the dark-coloured argillaceous lime- 
stone, which abounds in the valley of Dublin, and wOiich has been 
ascertained to be perfectly devoid of any influence on the needle. 
This is faced with Portland stone ; and within, the walls are 
studded, to protect from cold and damp. No iron whatever is used 


* The following summary of the magnetic observatories co-operating in the 
proposed plan in 1840, will serve to show the spirit w'ith which the subject was 
taken up — and many more stations have since been added ; — 

British Stations. — Dublin, Toronto, St. Helena, Cape of Good Hope, Van Die- 
men’s Land, Madras, Simla, Singapore, Aden, with each ship of tlic naval expedi- 
tion under Captain Ross. 

Jttmian. — Boulowa, Helsingfors, Petersburg, Sitka, Catherineberg, Cazan, Bar- 
naoul, Nertschinsk, Nicolajeff, Tiilis, Pekin. 

Austrian. — Prague, Milan. 

United States. — Philadelphia, Cambridge. 

French. — Algiers. 

Prussian. — Breslau. 

Russia has ever taken a warm interest in the advance of terrestrial Magnetism : 
as early as 1829, Humboldt succeeded in procuring the establishment of obser- 
vatories at most of the above-named places, which have existed ever since. 


Bavarian. — Munich. 
Belgian. — Brussels. 
Egyptian. — Cairo, 
Umdostan. — Trevandrum. 
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throughout the building. With reference to the materials, Professor 
Lloyd mentions, that in the course of the arrangements for the erec- 
tion of a magnetical observatory at Greenwich, Mr. Airy had rejected 
bricks in the construction of the building, finding that they were in 
all cases magnetic, and sometimes even polar, Mr. Lloyd has since 
confirmed this observation, by the examination of specimens of bricks 
from various localities ; and* though there appeared to be great diver- 
sity in the amount of their action on the needle, he met with none 
entirely free from such influence. 

The building consists of one principal room, and two smaller 
rooms, one of which serves as a vestibule. The principal room is 
36 feet in length, by 16 feet in breadth, and has projections in 
its longer sides whicli increase the breadth of the central part to 
20 feet. This room contains four principal instruments, suitably 
supported on stone pillars : viz., a transit instrument, a theodo- 
lite, a variation instrument, and a dipping circle. The transit instru- 
ment (4 feet in focal length), is stationed close to the southern 
window of the room. In this position it serves for the determination 
of the time ; and a small trap-door in the ceiling enables the observer 
to adjust it to the meridian. The theodolite is situated towards the 
other end of the room, and its centre is on the meridian lino of the 
transit. The limit of the theodolite is 12 inches in diameter, and 
is read off by 3 verniers to 10 seconds. Its telescope has a focal 
length of 20 inches, and is furnished with a micrometer reading to a 
single second, for the purpose of observing the diurnal variation. 

The variation instrument is placed in the magnetic meridian with 
respect to the theodolite ; the distance between these instruments 
being about 7 feet. The needle is a rectangular bar, 12 inches 
long, suspended by parallel silk fibres, and enclosed in a box to 
protect it from the agitation of the air. The magnetic bar is fur- 
nished with an achromatic lens at one end, and a cross of wires at 
the other, after the principle of the collimator. This is observed 
with the telescope of the theodolite in the usual manner ; and the 
deviation of the line of collimation of the collimator from the mag- 
netic axis, is ascertained by reversal. The direction of the magnetic 
meridian being thus^found, that of the true meridian is given by the 
transit. It is only necessary to turn over the transit telescope, and 
using it also as a collimator, to make a similar reading of its central 
wire by the telescope of the theodolite ; the angle read off on the 
limb of the theodolite is obviously the supplement of the variation. 
The use of the transit was suggested by Dr. Eobinson ; and it was 
anticipated that much advantage would result from the circumstance, 
that the two extremities of the arc are observed by precisely the 
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same instrumental means. Witli this apparatus observations of the 
absolute variation are made twice each davj as is done in the observa- 
tory of Professor Gauss, at Gottingen, the course of the diurnal 
variationy and the hours of maxima and minima, having been ascer- 
tained by a series of preliminary observations with the same instru- 
ment. 

A dipping circle, constructed by Gambey, is placed on a pillar at 
the remote end of the room ; and is furnished with a needle, whose 
axis is formed into a knife edge, for the purpose of observing the 
diurnal variations of the dip. Gauss’s large aj^paratus is also set up 
in the same room, and is used occasionally, especially in observations 
of the absolute intensity made according to the method proposed by 
that distinguished philosopher. 

The bars are too large to be employed in conjunction with other 
magnetical apparatus. 

(894) The magnetic force of the earth exhibits itself at the sur- 
face in three classes of phenomena : Ist. In a variation in direction 
shown by the declination of the horizontal needle ; 2nd. By a varia- 
tion in the inclination of the needle in a vertical plane ; 3rd. By a 
variation in the intensity of the force. Lines of equal declination 
are called isogonic lines; lines of equal dip, isoclinal \ and lines of 
equal force, isodynamic lines. The absolute and relative positions 
of these lines are undergoing continual changes, so irregular and 
complicated, that a few years suffices to alter their form and position. 

(895) The Declination. — Measures of the variation of the needle 
have been taken by navigators and travellers in all parts of the globe. 
In some places the magnetic and terrestrial meridians exactly corre- 
spond ; in these situations the needle points to the true and 
S. ; but in most parts of the earth’s surface its direction deviates, 
sometimes to the E., and sometimes to the W. We are indebted 
to Professor Hansteen for the first satisfactory collection of observa- 
tions on the variation of the needle, and for the first philosophical 
generalization of them. He has published a variation chart for 
1787, in v/hich it is shown how irregular are the causes on which 
terrestrial Magnetism depends, by the total want of symmetry, and 
the irregularities and infiexions of the magnetic cunTs. He makes 
the western line of no variationy or that which passes through all the 
places on the globe where the needle points to the true N., to 
begin in latitude 60° to the W. of Hudson’s Bay, proceeding in a 
S.E. direction through the North American Lake, passing the 
Antilles and Cape St. Iloque, till it « reaches the South Atlantic 
Ocean, where it cuts the meridian of Greenwich at about 65° of 
S. latitude. This line of no variation is extremely regular, being 
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almost straight till it bends round the eastern part of South 
America, a little S. of the equator. On the other band, his chart 
shows that the eastern line of no variation is extremely irregular, 
being full of loops and inflexions of the most extraordinary kind, 
indicating the action of local magnetic forces. It begins in latitude 
60° S., below New Holland, crosses that immense island through 
its centre, extends through the Indian Archipelago with a double 
sinuosity, so as to cross the equator three times ; first passing N. 
of it to the E, of Borneo, then returning to it and passing S. 
through Sumatra and Borneo, and then crossing it again beneath 
Ceylon, from which it passes to the E. through the Yellow Sea. 
It then stretches along the coast of China, making a semicircular 
sweep to the W. till it reaches the latitude of 70°, where it de- 
scends again to the S., and returns northw^ard with a great semi- 
circular bend, which terminates in the White Sea. 

These lines of no variation — agonic lines as they are called — are 
accompanied through all their windings by other lines where the 
variation is 5°, 10°, 15°, Ac. ; these lines becoming more irregular as 
they recede from those of no variation. Their position is not stable, 
being sensibly altered after the lapse of considerable periods of 
time. 

(896) In 1833, Professor BarloAV constructed a new variation 
chart, in which he has inserted the magnetic observations of Com- 
mander Boss ; and hejremarks, that the very spot where this officer 
found the needle perpendicular, “ that is, the pole itself, is precisely 
that point in my globe and chart in which, by supposing all the lines 
to meet, the several curves would best preserve their unity of cha- 
racter, both separately and conjointly as a system.’^ 

(897) Hansteon is of opinion, that there are four joints of con- 
vergencg in each hemisphere ; and that these points are to be con- 
sidered as the four magnetic poles of the globe. He concludes that 
they have a regular motion round the globe ; the two northern ones 
from W. to E., in an oblique direction ; and the southern ones 
from E. to W., also obliquely. The following are the calculated 
periods of their ^evolution ; — 

The strongest north pole in 1740 years. 

The strongest south pole in 4009 years. 

The w^eakest north pole ip 860 years. 

The weakest south pole in 1304 years. 

Ilansteen considers the four poles as originating in two magnetic 
axes, the two strongest being the termination of one axis, and the two 
weakest of the other ; and he conceives that they may have been pro- 
duced, either along with the earth itself, or at a later epoch. Accord- 
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iug to the first supposition, it is not easy to account for their change 
of position; hut according to the last, they must have originated 
either from the earth alone, or from some external cause. If they 
originated in the earth, their change of position is still unsusceptible 
of explanation ; and hence Ilansteen conceives that they have their 
origin from the action of the sun heating and illuminating the 
earth, and producing a magnetic tension as it produces electrical 
phenomena. 

(898) The following table exhibits the progressive changes in the 
variation of the needle, which have taken place in London from 1576 
to 1831, and in Paris frcm 1541 to 1829, and in Brussels from 1827 


to 1849 





Years. 

Observers. 

Variations. 


London : — 





1576 

. Norman . 

. IP 

15' Easterly. 

15SO 

Burroughs 

. 11 

17 Maximum. 

1622 

Gunter 

. 6 

12 

ff 

1634 

. Gellibrand 

. 4 

5 

a 

1657 ) 
1662 ) 


0 

0 No variation. 

1666 


. 0 

34 Westerly. 

1670 


. 2 

6 


1672 


. 2 

30 

yy 

1700 


. 9 

40 

yy 

1720 


. 13 

0 

yy 

1740 


. 16 

10 

yy 

1760 


. 19 

30 

yy 

1774 


. 22 

20 

yy 

1778 

Phil. Trans. 

. 22 

11 


1790 


. 23 

39 

yy 

1800 


. 24 

36 

yy 

1806 

. Phil. Trans. 

. 24 

8 

yy 

1813 

Col. Beaufoy 

. 24 

20 17" 


1815 

Ditto 

. 24 

27 18 

Maximum 

1816 

• 

. 24 

17 9 

ff 

1820 

. 

. 24 

11 7 


1823 

. • 

. 24 

9 40 


1831 

. 

. 24 

0 0 

n 

Paris : — 





1541 

. 

. 7 

0 Easterly. 

1550 

. 

. 8 

0 


1580 

. 

. 11 

80 Maximum. 



Years. 
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1603 

, 




8° 

45^ 


1618 





8 

0* 


1630 





4 

30 


1640 





3 

0 


1659 





2 

0 


1664 





0 

40 


1667 





0 

0 No variation. 

1669 





0 

15 Westerly. 

1670 





1 

30 

>> 

1683 





3 

50 


1700 





7 

40 


1750 





17 

15 


1767 





19 

^6 

» 

1780 





20 

35 


1785 





22 

0 


1800 





22 

12 

>> 

1807 





22 

34 

» 

1814 





22 

54 maxftnum. 

1819 





22 

39 


1824 

. 




22 

33 


1829 





22 

12 5" 

— Arago. 

Brussels : — 

1827 

October 




22 

28 8 Westerly. 

1830 

End of March 



22 

25 6 


1832 

. 




22 

18 0 

99 

1833 

. 




22 

13 5 

99 

1834 

April . 

, 



22 

15 2 

99 

1835 

End of March 



22 

6 2 

99 

1836 

. 




22 

7 6 

99 

1837 

, , 




22 

4 1 

* 99 

1838 





22 

3 7 

'99 

1839 





21 

53 6 

99 

1840 





21 

46 1 

99 

1841 





21 

38 2 

99 

1842 





21 

35 5 

99 

1843 





21 

26 2 

99 

1844 





21 

17 4 

99 

1845 





21 

11 6 

99 

1846 



. 


21 

41 7 

99 

1847 

• 

• 



20 

56 8 

99 

B S 
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Tears. VariationB. 

1848 20° 49' 2" „ 

1849 . • . . . • 20 39 2 

The declination has thus diminished 2° since 1827. 

— Quetelet. 

The westerly variation of the nefedle at the observatory at 
Paris, on the 30th November, 1849, 1 h. 25 m., was 20® 34' 18". 
The needle began to have a westerly variation in London from 
1662. Between 1657 and 1662 the needle pointed due N. and 
S. at Paris, notwithstanding the small distance between the two 
capitals ; the variation was easterly till 1669, when the needle pointed 
due N. and S.'; since this time the variation has been westerly ; 
it reached its maximum westerly variation about the year 1819, 
since which time it has been retrograding, and is now moving east- 
ward at the rate (according to Dr. Lloyd) of about 5' annually : the 
period of the westerly movement is thus about 160 years, and the 
limit of the angular variation about 24° 27'. At the present time the 
whole of Europe, with the e^fseption of a small part of Russia, has a 
W. declinatidh. In Eastern Russia, to the E. of the mouth of 
the Volga of Saralow, Nishni-Nowgorod, and Archangel, the easterly 
declination of Asia, is advancing towards us. There are particular 
parts of the earth’s surface, as in the western part of the Antilles, and 
in Spitzbergen, where the mean declination of the needle has scarcely 
. undergone any sensible change in the course of the last hundred years. 
Since 1660, the compass has been permanent in Jamaica. “The whole 
mass of West India property,” remarks Sir J. Ilerschel,* “ has been 
saved from the bottomless pit of endless litigation, by the invariability 
of the magnetic declination in Jamaica and the surrounding Archi- 
pelago, during the whole of the last century all surveys of property 
there having been conducted solely by the compass. 

(899) The variation of the magnetic force, when viewed generally 
in its operation over the whole globe, does not present the character 
of an oscillation round a mean value, but appears as a continuously 
progressive .change, and has hence received the name of^“ Secular 
Change.^ ’ Colonel Sabine, whose unceasing labours for the last twenty- 
five years have thrown so much light on the intricate science of ter- 
restrial Magnetism, has lately (May 18, 1854) presented to the 
Royal Society a memoir, in which he has at great length discussed 
the observations of the magnetic declination at the observatory of 
St. Helena during a period of five years ; the following very brief and 
general abstract of this valuable paper (JPhil. Mag) will be read 

■ ‘*Cosmo8.” Sabine’s Translation, vol. i. p. 410. 
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with interest, as showing the progress made in unrav.elling a most 
obscure subject. 

(900) It is possible that the Magnetism of the earth may have its 
periods ; that the phenomena existing at one and the same epoch 
over the whole surface of the globe, may be identically reproduced at 
a subsequent epoch ; and thaf, what has been called the Secular Change 
of each of the magnetic elements, which we perceive to be in progress 
at any particular point of the surface, St. Helena for example, 
may be part of a succession of changes which operate in a cycle, of 
which the duration, vast as it may be, may hereafter be found calcu- 
lable ; but as far as our knowledge has as yet gone, it is insufficient to 
justify the assumption of even approximate periodical laws of this 
variation of the terrestrial Magnetism, and we must continue to re- 
gard it, therefore, for the present, as a secular change of which the 
period or periods are unknown. 

(901) The average rate at w^hich the Secular change, as regards 
declination^ is taking place at St. Helena, was found by taking the 
successive differences between the monthly means of all the hourly 
observations in the first and second month of their continuance ; then 
between the second and third months ; and then betw^een the third 
and fourth, and so on. In this way sixty differences occurred in the 
live years of hourly observation, by which it was found that the 
monthly increase of W. declination, during five years amounted on 
the average to O.G57m., or to an annual increase of 7'88in. A com- 
parison of eight years, gave an average monthly increase of monthly 
declination of 0 6Glm., equal to an annual increase bf 7‘93m. in a solar 
year. During these eight years, therefore, the horizontal magnetic 
direction had changed at St. Helena rather more than one degree. 
By comparing eleven of the best determinations of the declination, all 
made at the same spot (the anchorage at St. Helena) by various 
trustworthy observers from 1610 to 1846, a period of 236 years, the 
rate of annual increase was found to be 8‘05m. and this affords a strik- 
ing example of the magnitude and character of the change wrought 
at a particular station, by this very remarkable feature of the earth’s 
magnetic force. In less than two centuries and a halfi^ie horizontal 
direction w^hich a magnet takes at St. Helena, by virtue of the ter- 
restrial magnetic force, has been found to have changed more than 
30® or more than a twelfth part of the whole circle, and this by a steady, 
equable, and uniform progression throughout the whole period. 

(902) The St. Helena observations further show’’, that the average 
annual change takes place by certain aliquot portions in each month 
of the year, and the same features of regularity and uniformity are 
manifested by comparing together the fortnightly means ; the whole 

6 s 2 
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showing the magnitude, the regularity, aud the systematic character 
of the changes, called Secular, which are thus produced by forces 
which are in constant operation at the surface of our planet. In our 
entire inability to connect these changes with any other of the phe- 
nomena oi nature, either cosmical or terrestrial, we appear to have no 
other alternative, than to view them as a constituent feature of the 
terrestrial magnetic force itself, and as one of its most remarkable 
characteristics, not to be overlooked by those who would seek to ex- 
plain the phenomena of that force by means of a physical theory. 
The attempts which have sometimes been made to explain them by a 
supposed connexion of the terrestrial magnetic phenomena with the 
distribution of heat on that surface, or by electrical currents excited 
by the rotation of the earth on its axis, contain no provision to meet 
a systematic variation of this nature, and break down altogether when 
the facts of the secular change are duly apprehended. The phe- 
nomena must find a place in any physical theory, w^hich professes to 
explain the phenomena of the earth’s Magnetism. It is indispensable 
towards the acquisition of a knowledge of the laws of terrestrial Mag- 
netism that the complex phenomena of the secular magnetic change, 
should be traced out ; (and this can only be done by collecting obser- 
vations similar to those made at St. Helena, at a great number of 
stations distributed over the earth’s surface), and that those should be 
studied separately and together; in this way order wdll doubtless be 
recognized amidst apparent irregularity, and system amidst 
incessant variation. 

(903) By a comparison of the isogonic lines (lines of equal mag- 
netic declination), corresponding to diflTerent epochs, we perceive 
that a secular change of the declination, almost identical with that 
of St. Helena, has prevailed at the same time over the greater part 
of the Southern Atlantic ; and that from the form of the isogonic 
lines in that quarter of the globe (which has undergone very little 
variation in the last 200 years), the regularity of its progression, and 
its persistence in the same direction, is in accordance with that 
general progressive motion from E. to W., which Magnetiemns have 
long since recognized as distinguishing the general systematic change 
in the southern hemisphere from that in the northern, which takes 
place in the opposite direction ; whilst from the form of the isogonic 
lines in that quarter we may further, anticipate that at St. Helena 
the secular change in the declination will continue to take place in 
the same direction as at present until a line drawn through the 
conical summits of the isogonic curves shall in its western progress 
pass the geographical meridian of that station. 

(904) Periodic Variations , — The horizontal needle is subject to 
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annual variations, depending on the position, of the sun in reference 
to the equinoctial and solstitial points, and to horary variations cor- 
responding to changes of temperature from the diurnal rotation of 
the earth. 

Between the months of January and April, the magnetic needle 
recedes from the N. pole of the globe, so that its western declination 
increases. 

Prom April to the beginning of July, that is, from the vernal 
equinox to the summer solstice, the declination diminishes, or the 
needle approaches the N. pole of the globe. 

Prom the summer solstice to the vernal equinox, the needle re- 
ceding from the N. pole, returns to the W., so that in October it 
has nearly the same position as in May ; and between October and 
March, the western motion is smaller than in the three preceding 
months. Hence it follows that during the three months between 
the vernal equinox and the summer solstice, the needle retrogrades 
towards E. ; and during the following nine months its general motion 
is towards W. 

(905) There is also a daily change in the variation of the needle ; 
this was first observed in 1724, by Mr. Graham, and has been con- 
firmed with the most accurate instruments in almost every part of 
the world. When it was first discovered, the needle was supposed 
to have only two changes in its movements during the day. About 
7 A.M. its N. end began to deviate to the W. ; and about 2 p.m. it 
reached its maximum westerly deviation ; it then returned eastward 
to its first position, and remained stationary till it again resumed its 
westerly course in the following morning. It vras afterwards found 
that the diurnal motion commences much earlier than 7 a.m., but its 
motion is E. At 7^ a.m. it reaches its greatest easterly deviation, 
and then begins its movement AAT. till 2 p.m. It then returns to the 
eastward till evening, when it has again a slight westerly motion ; 
and in the course of the night, or early in the morning, it reaches 
the point from which it set out twenty-four hours before. 

(90G) The following are the general results of a series of observa- 
tions taken every two hours, day and night, for between tw^o and 
three years, at the Dublin Observatory, under Professor Lloyd 
{Brit. Assoc. 1843). The mean daily curve of the changes of 
declination for the entire year exhibits a small easterly movement of 
the N. end of the magnet during the morning hours, which reaches 
its maximum about 7 a.m. ; after that hour the N. end moves rapidly 
westward, and reaches its extreme westerly position at Ih. 10m. p.m. 
It then returns to the eastward, but less rapidly, the easterly devia- 
tion becoming a maxiinudi about 10 p.m. \ the mean 'daily range 
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being equal to 9*8m. During the summer months the morning 
maximum at 7 a.m. is more marked ; the evening maximum, on the 
contrary, disappears, there being a slow and regular movement of 
the N. end to the eastward from 7 p.m. until 7 a.m. In winter, on 
the other hand, the evening maximum is well defined, and the morn- 
ing maximum disappears, there being a slow and regular westerly 
movement until 9 a.m., after which, the movement becomes more 
rapid in the same direction. The epoch of the extreme westerly 
position of the magnet is nearly the same throughout the year ; the 
greatest daily range in summer is about 13'7m. ; the least range in 
winter about 7*2m. 

At Paris, the needle is nearly stationary during the night. At 
sunrise its N. extremity moves westward, as if it were avoiding the 
solar influence. Towards noon, or more generally from noon to 
3 P.M., it attains its maximum westerly deviation, and then it retunis 
eastward till 9, 10, or 11, p.m. ; having reached its original position, 
it remains stationary during the night. The amount of this daily 
variation is, for April, May, June, July, August', and September, from 
13m. to 15m. ; and for the other six months of the year, from 8m. 
to 10m. : on some days it rises to 25m., and on others it does not 
exceed 5m. or 6m. 

(907) Colonel Sabine has arranged and presented together {Fhil. 
Trans., 1851) the annual variations which the declination undergoes 
at every hour of the day at the four colonial observatories established 
by the British Government ; at Toronto, from three years’ obser- 
vation ; Hobarton, from five years’ observation ; at the Cape of 
Good Hope, from five years’ observation ; and St. Helena from three 
years’ observation. The range of variation at all the four stations is 
considerably greater during the hours of the day than during those 
of the night, and a great similarity, though not a perfect identity, is 
observed at all the stations in the relative amount of -the range at 
different hours. It further appears, that the amount does not pro- 
gressively enlarge to a maximum at or about noon w^hen the sun’s 
altitude is greatest, or at the early hours of the afternoon when the 
temperature is greatest, but that at all the stations the increase of 
the range is most rapid in the first or second hour after sunrise, 
and that its extent at the hours from 7 to 9 a.m. is not exceeded at 
any subsequent hour at Hobarton, the Cape, and St. Helena, whilst 
at Toronto the great enlargement takes place even earlier, the hours 
of 6, 7, and 8 a.m, being exceeded by none, though they are equalled 
by a second increase at noon and the tw^o following hours. The 
second enlargement is perceptible at the same hour at Hobarton and 
St. Helena. 
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(908) it was also observed with reference to the relative positions 
of the several months, at the different hours, that certain months 
which are found congregated at one extremity of the range during 
the early hours of the morning, undergo a transfer towards the 
opposite extremity at a subsequent period of the day. Thus, the 
months June, July, August, wholly occupy one extremity of the 
range, and November, December, January, the other extremity in 
the morning hours, and until from 8 to 10 a.m , when each of the 
two groups is respectively transferred towards the opposite extremity 
to that which it previously occupied. The period at which this 
transfer takes place is somewhat earlier at Toronto and St. Helena 
than at the Cape of Grood Hope or Hobarton. The comportment 
of the two equinoctial months, March and September, at the Cape of 
Good Hope and St. Helena, presents a remarkable contrast to that 
of the two solstitial groups that have been described, and at the 
same time a still more remarkable contrast to each other ; March 
being at almost all the hours on the W., and September on the E. 
of the mean time. 

(909) Colonel Sabine returns to this most curious subject in his 
last memoir (Fhil. Trans., 1854) w^hile discussing the annual varia- 
tion at each of the hours at the observatory at St. Helena. Taking 
the hour of 7 a.m., the order and succession of the several months 
are as follows : in April, the mean declination is about i a minute 
E. of the mean declination in the year ; in May, about 2' E ; in 
J une, about 2^' E. ; in J uly and August, w'hen the sequence is 
slightly irregular, respectively 2' T' and 2' 6" E. ; in September, the 
declination is again approaching the mean line, being less than E. ; 
in October, it has passed the mean line, being about If' west of it ; 
November, December, January, and Eebruary, are congregated near 
the western extremity of the annual range, whilst in March we per- 
ceive tliat the declination is again approaching the mean line, and in 
April it has passed to the east of it. We have here, then, in the 
successive changes in the declination in the course of the year, the 
general fact of the existence of an annual variation, of which, at the 
solar hour of 7 a.m., selected as an example, or when the sun is five 
hours east of the meridian, the phenomena are such as have been 
thus cursorily described; were there no annual variation of that hour, 
the different months would all have the same mean declination. The 
annual variation, however, differs considerably at different hours ; but 
it is a general feature amongst them, that the months on either side of 
the one solstice are either con^egated together towards one extre- 
mity of the annual range at the same hour, whilst the months on either 
side of the opposite solstice are similarly congregated at the opposite 
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extremity ; or the months of both solstices are contemporaneously in 
pretty rapid transition from the one extremity to the other. 

(910) By projecting in a straight line the mean diiumal march 
in the year, the two semi-annual groups formed by grouping together 
the monthly means of each period of six months separated by the 
equinoxes, are found to assume a peculiar figure round that line, and 
what is particularly interesting and remarkable, the figure is so 
nearly the same at Toronto and Hobarton, that there can be no 
doubt that they all represent substantially the same phenomenon. 
During the hours when the sun is above the horizon, and the effects 
are greatest, the correspondence of the phenomena at the three 
stations is most striking, and there is no inversion of the phenomena 
in the opposite hemispheres, in both, as well as at St. Helena, in the 
tropics, the declination is easterly of the mean in the forenoon, and 
westerly in the afternoon, when the sun is N. of the equMor, and 
reverse when he is S. The eifects are the same at the three 
stations, though in the one hemisphere the sun being N. of the 
equator corresponds to summer, and in the other hemisphere to 
winter. There can be no doubt that this annual variation is attri- 
butable primarily to the earth’s revolution round the sun in a period 
of the same duration, and in an orbit inclined to the equator. The 
similarity of effect amounting almost, indeed, to identity, at 
the hours when the sun is above tlie horizon at the station, taking 
place at stations where both the climatic and the terrestrial magnetic 
conditions are so dissimilar, seems, (observes Sabine) to remove it 
altogether from those physical connexions which have so often and 
in so many various ways, been referred to as affording possible expla- 
nations of the magnetic variations. It is evident that the epochs of 
the sun’s passage of the equator have a very marked influence on the 
phenomena, and the influence is the same, and produces similar 
effects, whether the station itself be N. or S. of the equator, and 
however diverse may be its climatic or magnetic conditions. 

(911) The Inclination of the Needle, — The dip of the needle, like 
the variation, undergoes a continual change, increasing in some parts 
of the world, and diminishing in others. The following tables show 
the changes of the dip at London, since 1720 ; at Paris, from 1671 to 
1829 and at Brussels, from 1827 to ]84}9. 

London : — 

Year. Observed. Observer. Computed. 

1720 . . . 74°42' . . . Graham . . . 76^27' 

1773 . . . 72 19 . . . Heberden . . 73 40 

1780 . . . 72 8 . . . Gilpin . . . 73 18 
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Year. 

Observed. 

Observer. 

Computed 

1790 . 

. . 71°53' . . 

. Gilpin 

. . . 72°39' 

1800 . 

. . 70 35 . . 

. ditto . 

. . . 71 68 

1810 


* • • . 

. . . 71 16 

1818 . 

. . 70 34 , . 

. Kater. 

. . .70 34 

1821 . 

. . 70 3 . . 

. Sabine 



1828 . 

. . 09 47 . . 

. ditto . 

. . . 69 43 

1830 . 

. . 69 38 . . 

. ditto . 




Paris : — 


Year. 

Dip. 

1071 . 

... 75° 0' 

1754 . 

. . . 72 15 

1776 . 

. . . 72 25 

1780 . 

. . . 71 48 

1791 . 

. . .70 52 

1798 . 

. . . 69 51 

1806 . 

. . . 69 12 

1810 . 

. . . 68 50 

1814 . 

, . . 68 36 

1816 . 

. . . 68 40 

1817 . 

. . . 68 38 


Brussels 

1827 

1830 

1832 

1833 

1834 

1835 

1836 

1837 

1838 

1839 

1840 

1841 

1842 

1843 

1844 

1845 

1846 

1847 

1848 

1849 


Year. 



Dip. 

1818 



68' 

^35' 

1819 



68 

25 

1820 . 



68 

20 

1821 



68 

14 

1822 . 



68 

11 

1823 



68 

8 

1824 



68 

7 

1825 



68 

0 

1826 



68 

0 

1829 


. 

67 

41 




- 

’-Arago. 


68' 

^ 56 

'5" 



68 

51 

7 



68 

49 

1 



68 

42 

8 



69 

38 

4 



68 

35 

0 



68 

32 

2 



68 

28 

8 



68 

26 

1 



68 

22 

4 



68 

21 

4 



68 

16 

2 



68 

15 

4 



68 

10 

9 



68 

9 

2 



68 

6 

3 



68 

3 

4 



68 

1 

9 



68 

0 

4 



67 

56 

8— 

Quetelet 
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The magnetic dip reached its maxim,um in London, in 1720, it 
being then 74° 42' ; it is now, according to observations made at 
Greenwich, about 68° 30', so that, during the last 134 years, it has 
lost 6° 12', being at the rate of nearly 3' each year. The horary 
variation of the dip is small ; according to Hansteen, it is 4' greater 
in the morning than in the afternoon. At Toronto, the inclination 
on Ist March, 1847, was 75° 16' *09 with an annual increase of 0' 89. 
— {Sabine,) 

(912) The Magnetic Equator , — This is an irregular line crossing 

the terrestrial equator vit four points, 
as shown in Fig. (306) where the 
black line W E, may be supposed to 
represent the real equator, and the 
dotted line M M M, the magnetic 
equator, crossing the former at four 
points instead of two, and showing 
the evident existence of some great 
disturbing cause. 

(913) MM. Morlet and Hansteen have determined the true form 
(.)f the magnetic equator with great care ; they have traced it over 
the whole globe, and have foirtid that its motion is from E. to \V. 
in so far as can be determined by direct observations on the position 
of its nodes. They both place the magnetic equator wholly to the 
S. of the terrestrial equator, between Africa and America ; its 
greatest southern latitude being at 25°. One node is in Africa, in 
about 22° of E. longitude, or in 18° according to Morlet. In setting 
out towards the E. from this node, which is nearly in the centre of 
that part of the African continent, the magnetic equator advances 
rapidly to the N. of the terrestrial equator, quits Africa a little to 
the S. of Cape Guardafui, and in the Arabian Sea it attains its 
most northerly latitude of about 12°, in 62° of E. longitude; 
between this meridian and 174° E. the magnetic equator is con- 
stantly to the N. of the equinoctial line. It cuts the Indian 
Peninsula a little to the N. of Cape Cormorin, traverses the Gulf 
of Bengal, making a slight advance to the equinoctial, from which it 
is only 8° distant at the entry of the Gulf of Siam. It then reascends 
a little to the N. almost touches the N. point of Borneo, tra- 
verses the Isle of Paragua, the strait which separates the most 
southern of the Philippines from the Isle of Mindanao, and under 
the meridian of Naigiou, it again reaches .the N. latitude of 9°, 
From this point it traverses the Archipelago of the Caroline Islands, 
and descends rapidly to the equinoctial line, which it cuts, according 
to Morlet in 174°, and according to Hansteen in 187° E. longitude. 


Fig. 306. 
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There is much less uncertainty respecting the position of a second 
node, also situated in the Pacific Ocean. Its W. longitude ought to 
be about 120° ; but while M. Morlet’s inquiries lead him to conclude 
that the magnetic equator merely touches the equinoctial at that 
point, and then bends again to the south, M. Hansteen makes it 
cross the line into the northern hemisphere, and continue there 
through an extent of 15° of longitude, and then return southward, 
and cross the equinoctial again in about 108° of W. longitude, or 
23° from the W. coast of America. This discrepancy between the 
results of Morlej^and Hansteen is, after all, very trivial ; for in the 
case just mentioned, the magnetic equator does not go more than 
14 ° to the equinoctial ; and in general the magnetic equator of 
Morlet differs in no part so much at 2° in latitude from that of 
Hansteen. 

(914) The observations of Captain Duperrey, made on board the 
Coquille, in the years 1822-25, have contributed considerably to our 
stock of knowledge on the subject of terrestrial Magnetism, and 
particularly on the form and motion of the magnetic equator. This 
vessel crossed the magnetic meridian six times, and M. Duperrey 
was enabled to determine directly two of its points, situated in the 
Atlantic Ocean. On the chart of Morlet, and in that of Hansteen, 
the latitudes of those parts, which correspond to the same longitudes, 
are greater by 1° 43' and 1° 50' ; and hence M. Arago has concluded 
that the magnetic equator has approached the terrestrial equator by 
the same quantities. In the South Sea, near the coast of America, 
Duperrey has determined two points of the magnetic equator. On 
the charts of Morlet and Hansteen, the latitudes of these points are 
about a degree smaller, but the difference is in a direction contrary 
to that which was found in the Atlantic Ocean ; from which it follows, 
that near the coast of Peru, the magnetic equator has removed from 
the equinoctial line. 

(915) In a chart of the equatorial regions, which M. Duperrey 

has drawn up and published in the Annales de Chimie^ for 1830, 
these results aK> laid down : “ That the magnetic equator will meet 

the equinoctial line only in two points, w'hich are diametrically oppo- 
site, the one situated in the Atlantic Ocean, and the other in the 
great ocean, nearly in the plane of the meridian of Paris. When 
this equator meets only some scattered islands, it recedes only a 
little from the equinoctial line ; when the islands are more numerous, 
it recedes farther ; and it reaches its maximum deviation in both 
hemispheres, ' only in the two great continents w’hich. it traverses. 
He found also, that between the northern and southern halves of the 
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magnetic equator, there is a symmetry very remarkable, and much 
more perfect than had previously been believed. 

The dip of the needle increases on each side of the magnetic 
equator ; and Hansteen has projected lines of equal dip in his chart. 
These lines are nearly parallel to the magnetic equator, till we reach 
60° of N. latitude ; they then begin to bend round the American 
magnetic pole which Sir James Clark Eoss found to be situated in 
N. latitude 70° 5' 17", and W. longitude 96° 45' 48", the needle 
having at this point in Boothia Felix lost wholly its directive power, 
and the dip being 89° 59' within one minute of 90° #r vertical. Had 
we inferred the position of the needle from the form of the magnetic 
equator, we should have placed it in 25° of W. longitude, viz., the 
meridian on which the magnetic equator advances farthest to the S., 
or about 13 J°, and 76^° of N. latitude, or 90° — 182 °. This, however, 
as all arctic observations prove, is not the case, and we arc led by 
the phenomena of the dip, as w^ell as by those of the variation in 
different parts of the globe, to conclude that every place has its own 
magnetic axis, with its own pole, and its own equator, as stated by 
Mr. Barlow.” 

(916) Terrestrial Magnetic Intensity. — It has become a most 
important practical problem, connected wdth the physical condition 
of the globe, to determine the intensity of its Magnetism at different 
points on its surface, and the changes which it undergoes at different 
seasons of the year, and at diflerent times of the day. 

Mr. Graham first suggested a method of determining this, by the 
number of oscillations of the magnetic needle ; and this plan has 
been since much improved by Coulomb, Humboldt, and others. 

If a needle, whose axis of suspension passes through its centre of 
gravity, and which has its N. and S. polar Magnetism equal and 
similarly distributed, be made to vibrate, by turning it from its posi- 
tion, and allowing it to recover that position bj a series of oscilla- 
tions, it is evident that the Magnetism of the earth will act with 
equal force oif each half, and that the needle will be drawn into the 
magnetic meridian by the combined action of both forces. Tlie 
greater the magnetic force, the more quickly w ill the needle oscillate, 
and recover its primitive position. The needle is, in short, in the 
same circumstances as a pendulum, oscillating by the action of 
gravity ; and as in this case, the forces are as the squares of the 
number of oscillations made in the same time. 

‘Suppose the dipping needle be made to oscillate in the plane of 
the magnetic meridian, round the line of the dip, and that when an 
experiment is made at the equator, the number of oscillations in a 
second is 24, while in another place it is 25 ; then the intensity of 
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the magnetic force at these places, is as 25* to 24*, or as 625 to 576, 
or as 1*085 to 1000. By carrying the same needle to different parts 
of the earth, the magnetic intensity at these places will be found 
from the number of its oscillations. 

(917) In the application of this method there are various prac- 
tical difficulties, particularly the necessity of the needle resting on 
knobs, edges of steel, or agate, during its oscillations ; these diffi- 
culties are avoided by suspending it by a fibre of silk, and allowing 
it to oscillate horizontally. This method is therefore the one adopted, 
though a little calculation is necessary to obtain the intensity of 
terrestrial Magnetism, from the number of oscillations that are 
performed.* 

Hanstoen has drawn up a table, which is too long for insertion 
here, exhibiting the magnetic intensity in almost every part of the 
world, from observations made principally by himself and his fri&nds. 
He has projected, on a map of the globe, the lines passing through 
all the places in which the intensity has the same value. These lines 
he calls isodynamic lines, or those of equal force;. and they are, 
generally speaking, nearly parallel to each other, and to the lines of 
equal dip. 

(918) The same indefatigable philosopher, not satisfied with the 
many valuable observations which were made during the various 
arctic expeditions which were sent out by the British government, 
and being exceedingly anxious to establish, by direct observations of 
his own, the existence of the secondary magnetic pole, which lie be- 
lieved existed in Siberia, undertook a journey at the expense of the 
Norwegian Storthing, and with every encouragement and assistance 
from the Eussian government. The results of his expedition were 
highly satisfactory ; and in consequence, the Eussian Academy of 
Sciences were induced to take a new interest in the subject of terres- 
trial Magnetism, which exhibits such important features throughout 
the Eussian empire; and the Eussian government has established 
regular observatories in, various parts of its vast dominions for making 
magnetic experiments. The Eussian empire is actually traversed by 
two lines of no variation, and it is proposed to determine with great 
precision, every ten years, the exact position of these two lines. 
Near the first of them, which traverses European Eussia, Peters- 
burg, Moscow, and Cazan are situated ; and near the second, which 
passes through Siberia, are situated Kiachta and Nizni Oudinsk. 
Observations are yet wanting to determine in what manner the inten- 

• Seo Harris’s Magnetometer of Oscillation, Edin. PhU, Trans., vol. xiii. 
part I. Trans. Iloy. Soc., 1831. 
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sity Taries with the height. Humboldt is of opinion that it decreases, 
confirming the deductions of Kupffer. 

By combining all the observations of intensity from 179^ to 183°, 
M, Hansteen has drawn the conclusion, that the total magnetic inten- 
sity is smaller in the southern than in the northern hemisphere. M. 
Duperrey has confirmed this result. 

(919) The magnetic intensity, like the variation and dip of the 
needle, undergoes monthly and diurnal changes. Hansteen found by 
means of the vibrations of a needle delicately suspended, that the 
minimum of daily change of intensity is between 10 and 11 A.M., 
and the maximum between 4 and 7 p.m. in May, and about 7 p.m. 
in June. The intensity is a maximum in December, and a 
minimum in June. The greatest monthly change in the inten- 
sity is a maximum in the months of December and June, about 
the time when the earth is in its perihelion and aphelion. It 
is a minimum near the equinoxes, or wdien the earth is at its mean 
distance from the sun. The greatest daily change is least in the 
winter, and greatest in the summer. The greatest difference of the 
annual intensity is 0*0359. M. Hansteen likewise found that the 
magnetic intensity is diminishing in Europe, and that the decrease is 
greater in the northern and eastern, than in the southern and western 
parts — an effect which he conceives to be produced by the motion of 
the Siberian pole towards the E. At Port Bowen, Captain Parry 
observed an augmentation of the magnetic intensity to take place 
from the morning till the afternoon, and a diminution of it from the 
afternoon till the morning. Tliese results of M. Hansteen have been 
confirmed by Mr. Christie,* who has. shown that the terrestrial mag- 
netic intensity is a minimum between 10 and 11 a.m. ; the time 
nearly when the sun is in the magnetic lueridian ; that it increases 
from this time until between 9 and 10 a.m.„ after which it 
decreases, * and continues decreasing during the morning, till it 
reaches its minimum between 10 and 11 a.m. These results 
were deduced from observations made in May, within doors, to 
determine the positions of the points of equilibrium at which a mag- 
netic needle was retained, at different hours during the day, by 
the joint action of two bar magnets, and by terrestrial Magnetism, 
reduced to their true positions at the standard temperature 60° of 
the magnet. 

Mr. Christie repeated his observations in the open air in June, and 
from these it appears that the minimum intensity happened nearly at 
the time the sun passed the magnetic meridian, and rather later than 
in May, which was also the case with the time of the sun’s passage 
♦ Philosophical Transactions, 1825, pp. 49 — 51. 
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over the meridian. The intensity increased till about six o’clock in 
the afternoon, after which it appears to have decreased during the 
evening. The^following table shows the results of the observations 
of Mr. Christie, compared with those of M. Hansteen : — 


Intensity deduced from Hansteen’s 
Observati^s in 1820. 

i Intensity deduced from Mr. Christie’s 

1 Observations in 1823. 

TIME. ' 

MAY. 

JUNE. 

TIME. 

MAY. 

JUNE. 1 

8 h Om. A.M. 

1-00034 

1-00010 

7h30m. 

1-00114 

1-00061 ! 

10 30 

1-00000 

1-00000 

10 30 

1-00000 

1-00000 1 

4 0 i*.M. 

1 00299 

1 00251 

4 30 

1-00176 

1-00223 1 

7 0 

1-00294 

1-00304 

7 30 

1-00220 

1-00339 

10 30 

1-00191 

1-00267 

i 9 30 

1-00231 

1-00209 


The principal difference between these results is, that in Mr. 
Christie’s observations the intensity seems to diminish more rapidly 
ill the morning, and increase more slowly in the afternoon, than it 
does in those of Hansteen. 

(920) The philosopher who has contributed more largely than 
any other to our knowledge of the magnetic intensity and its laws, is 
Colonel Sabine, wdio, since the year 1819, has made this a subject of 
unceasing study. It appears that there are two foci or points of 
maximum force in each hemisphere round which the isodynainic lines 
circulate in an ovate form ; these foci are not of equal force in either 
hemisphere: the focus of greater intensity in the northern hemisphere 
is in North America, in the vicinity of the S.W. shores of Hudson’s 
Bay in 52° of latitude; the weaker focus is in the North of 
Siberia, about 120° of E. longitude from Greenwich. The correspond- 
ing phenomena of the southern hemisphere are not yet determined 
with an equal precision. The two major foci, one in the northern 
and the other in the southern, are not at opposite points of the globe 
to each other, neither are the two minor foci. At both the foci of 
the northern hemisphere the predominance is of the forces which 
attract the N. end of the needle and repel the S., and at both the 
foci of the southern hemisphere the converse is the case. The ratio 
of the magnetic force at the major focus in North America as deter- 
mined by Captain Lefroy, is 13*9 ; at the minor focus in Siberia from 
the observations of Hansteen and Due, 13*3 ; at St. Helena, which is 
at the weakest part of the line of least intensity, its value is 6‘4. 
The approximate value of the force of the major focus in the southern 
hemisphere is 15*6 ; that of the minor about 14*9. The unit of force 
in this scale is that amount of magnetic force which acting on the 
unit of mass through the unit of time, generates in it the unit of 
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velocity, and the units are taken respectively as a grain, a second, 
and a foot in British measure. (“ Cosmos,” note by Colonel Sabine, 
vol, i., p. 416.) According to Sabine’s observations at Toronto, the 
horizontal force from January to April, 1845, possessed there a mean 
value of 3*53043, with a mean annual decrease of 0‘0042. At Toronto 
and at Ifobart Town (Van Dieman’s Land), two magnetic stations 
which are nearly at opposite points of the ea^^th’s surface, the 
total magnetic force from October to April inclusive, is greater 
than from April to August inclusive, and the inclination needle in 
both places stands more nearly perpendicular during the former 
period than during the latter. 

(921) From Lloyd’s observations at the magnetic observatory at 
Dublin, it appears that the mean daily course of the horizontal force 
for the entire year has two maxima and two minima. The first 
minimum occurs between 1 a.m. and 3 a.m., or a little after. These 
fluctuations are small. A second and principal minimum takes place 
at lOh. 10m. a.m., and a second and principal maximum about 6 p.m., 
the mean daily course being *0024 of the whole intensity. In the 
smaller months, the smaller maximum and minimum disappear, the 
intensity decreasing continually throughout the night, but slowly till 
5 or 6 A.M., after which the decrease becomes rapid. There is con- 
sequently bnt one maximum and one minimum in the mean daily 
curve, which nearly correspond in epoch with the principal maximum 
and minimum of the curve for the entire year. In the winter 
months, on the other hand, there are three maxima and three minima, 
the evening maximum appearing to break into two. The epoch of 
the morning maximum moves forward as the line approaclies the 
winter solstice, appearing to depend upon the hour of sunrise, wliich 
it precedes by a short interval. The epoch of the principal minimum 
is nearly constant throughout the year. The daily range is greatest 
in the month of J uly, when it is about *0045 of the whole intensity ; 
it is least in the month of January, being then about -0008 of the 
whole. The total intensity appears to vary very little throughout 
the day : it seems to be least about 9 a.m., and then to increase, 
attaining a double maximum in the afternoon ; the total range is, 
however, very small. From a review of the facts. Professor Lloyd 
concludes that the diurnal changes in the direction of the magnetic 
force are connected with the diurnal movement of the sun, and its 
times of rising and setting ; but that the changes of the intensity 
appear to be influenced, in addition, by some other cause. 

(922) Magnetic Storms , — This term was applied by Humboldt to. 
certain fltful agitations of the needle, which he was the first to 
notice, at Berlin, in 1806. The phenomenon has since engaged jthe 
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attention of all philosophers occupied with the subject of terrestrial 
Magnetism. These unaccountable commotions of the needle occur 
at irregular intervals, are of short duration, but of immense extent. 
In 1818, a magnetic storm, shown by a violent agitation of the 
needle, took place simultaneously over 47® ^f longitude, extending 
through all the countries from Paris, to Cazan ; and on the 25th of 
September, 1841, one of these storms was simultaneously observed 
at Toronto, in North America, at the Cape of Good Hope, Prague, 
in Europe, and Macao, in China ; and there is reason to believe that 
it extended to Van Diemen’s Land. Similar storms have hap- 
pened simultaneously in Sicily, and at Upsala, in Sweden (Mrs. 
Somerville’s “Physical Geography.”) “When the ordinary horary 
movement of the needle,” says Humboldt (Cosmos), “is inter- 
rupted by a magnetic storm, the perturbation manifests itself 
often simultaneously, in the strictest sense of the word, over land 
and sea, over hundreds and thousands of miles, or propagates 
itself gradually, in short intervals of time, in every direction over 
the surface of the earth.” When this sudden interruption or dis- 
turbance of the horary movement of the needle announces the pre- 
sence of a magnetic storm, we are unable to determine the seat of 
the perturbing cause, whether it be in the crust of the earth or in 
the upper regions of the atmosphere, nor are we able to attribute it 
to any known cause. The aurora is now, on all hands, recognized as 
a magnetic phenomenon ; its appearance is foretold by “an irregularity 
in the diurnal march of the needle, indicating a disturbance in the 
equilibrium of the distribution of the earth’s Magnetism. “ When 
the disturbance has reached a great degree of intensity the equilibrium 
is restored by a discharge, accompanied by an evolution of light. The 
aurora is not, therefore, to be itself regarded as a cause of the per- 
turbation, but as a result of a state of stellaric- activity excited to 
the production of luminous phenomena ; an activity which manifests 
itself, on the one hand, by the fluctuations of the needle, and on the 
other, by the appearance of the brilliant auroral light. The magni- 
ficent phenomenon of coloured polar light is the act of discharge — 
the termination of a magnetic storm,” (Cosmos,) 

(923) The magnetic character of the aurora is clearly shown by 
Sabine in his “ Observations on Days of unusual Magnetic Dis- 
turbance made at the British Colonial Magnetic Observatories.” On 
examining the meteorological registers at the Toronto observatory, 
with reference to the appearance of these meteors, on the twenty- 
four days of principal magnetic disturbance at that station, it was 
found that on thirteen days of the twenty-four, the aurora was 
visible, and that on the remaining eleven days the sky was either 
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densely overcast, or heavily-clouded, so that the aurora, though it 
might exist, could not be seen. It is to be observed, however, that the 
days on which magnetic disturbance and aurorae occurred together at 
Toronto, were days of disturbance also at Prague and Van Diemen’s 
Land ; so that we may view the occurrence of auroras at Toronto on 
these occasions as local manifestations connected with magnetic 
eiffect, which, whatever may have been their origin, probably pre- 
vailed on the same day over the whole surface of the globe. 

(924) Theory of Terrestrial Magnetism, — Little that is satisfac- 
tory can be said on this head. Actively as the study of terrestrial 
magnetic phenomena is now proceeding, much remains to be done, 
before anything approaching to a solution of its wondrous and 
complex phenomena can be hoped for. It may not, however, be 
amiss to conclude this portion of our subject with a brief notice of 
the speculations of Hansteen, and of Mr. Barlow’s experimental 
application of the electro-magnetic hypothesis, first advanced by Sir 
David Brewster. 

(925) The Magnetism of the earth cannot be explained by the 
action of two magnetic poles at a distance from each otlier ; on the 
contrary, Biot has observed, that the nearer the poles were taken to 
each other, the greater was the agreement between the computed and 
the observed result. 

Eor these reasons,” says Hansteen (in his work on the Magnetism 
of the earth) “ it appears most natural to seek their origin in the sun, 
the source of all living activity ; and our conjecture gains probability 
from the preceding remarks on the daily oscillations of the needle. 
Upon this principle the sun may be conceived as possessing one or 
more magnetic axes, which by distributing the force, occasion a mag- 
netic difference in the earth, in the moon, and in all those planets 
whose internal structure admits of such a difference. Yet allowing 
ail this, the main difficulty seems not to overcome, but merely re- 
moved from the eyes to a greater distance ; for the question may still 
be asked with equal justice, whence did the sun acguire its magnetic 
force ? And if from the sun we have recourse to a central sun, and 
from that again to a general magnetic direction throughout the uui- 
verse, having the Milky Way for its equator, we but lengthen an unre- 
stricted chain, every link of which hangs on the preceding link, no 
one of them on a point of support. All things considered, the follow- 
ing mode of considering the subject seems to me the most plausible. 
If a single globe were left alone to move freely in the immensity of 
space, the opposite forces existing in its material structure would 
soon arrive at an equilibrium conformable to their nature, if they 
were not so at first, and all activity would soon come to an end. But 
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if we imagine another globe to be introduced, a mutual relation will 
arise between the two ; and one of its results will be a reciprocal ten- 
dency to unite, which is designated and sometimes thought to be ex- 
plained, by the merely descriptive word attraction. Now, would this 
tendency be the only consequence of that relation ? Is it not more 
likely that the fundamental forces, being driven from their state of 
indifference or rest, would exhibit their energy in allpossible directions, 
giving rise to all kinds of contrary action ? The electric force is 
excited not by friction alone, but also by contact, and probably also, 
although in smaller degrees, by the mutual action of two bodies at a 
distance ; for contact is nothing but the smallest possible distance, 
and that moreover only for a few small particles. Is it not conceivable 
that magnetic force may likewise originate in a similar manner ? 
When the natural philosopher and the mathematician pay regard to 
no other effect of the reciprocal relation between two bodies at a dis- 
tance, except the tendency to unite, they proceed logically, if their 
investigations require nothing more than a moving power ; but should 
it be maintained that no other energy can be developed between two 
such bodies, the assertion will need proof, and the proof will be hard 
to find. 

“I reckon it possible, therefore, that by means of the mutual relation 
subsisting between the sun and all the planets, as well as between the 
latter and their satellites, a magnetic action may be excited in every one 
of those globes, whose material structure admits of it, in a direction 
depending on the position of the rotatory axis with regard to the plane 
of the orbit. Each of the planets may thus give'rise to a particular 
magnetic ^ixis in the sun ; but as their orbits make only small angles 
with the sun’s equator and each other, these magnetic axes would per- 
haps, on the whole, correspond with the several rotatory axes. Such 
planets as have no moons, would, on this principle, have but one mag- 
netic axis ; the rest woultt in all cases have one axis more than they 
have moons, if those diffe»pnt axes, by reason of the small angles which 
the orbits of their several moons form with each other, did not combine 
into a single axis. The conical motions by which the rotatory axes of 
the planets are carried round the pole of the ecliptic (the precession in 
the earth), joined to the revolving motion of the orbits about the sun’s 
equator (which occasions the present diminution in the obliquity of the 
ecliptic), might perhaps, in this case, account for the change of position 
in the magnetic axis. It would greatly strengthen this hypothesis, if 
the above great magnetic period, after the lapse of which both axes 
again assume the same position, should in fact be found to coincide with 
the period of the precession, which, however, seems a little doubtful.” 

(926) Such were the speculations of Hansteen. But Sir David 
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Brewstfer has proved, from an immense number of meteorological 
observations, that there were in our northern hemisphere two poles of 
maximum cold ; that these poles coincided with the magnetic poles ; 
that the circle of maximum heat, like the magnetic equator, did not 
coincide with the equinoctial line ; that the isothermal lines, and that 
the lines of equal magnetic intensity, had the same general form, sur- 
rounding and enclosing the magnetic poles and those of maximum 
cold ; and that by the same formula, mutatis mutandis, we could calcu- 
late the temperature and the magnetic intensity of any point of the 
globe ; thus there can be no doubt that there is a close connexion 
between the phenomena of temperature and Magnetism ; and since the 
discovery of Dr. Seebeck, that the mere application of heat to a circuit 
of two metals is capable of developing magnetic effects, we may consider 
that we have arrived a step nearer to an explanation of the earth’s 
Magnetism, by referring to the sun as the great agent of all these 
phenomena; but we have yet to discover the metallic thermo-magnetic 
apparatus by which they are produced. 

(927) The electro-magnetic hypothesis was first advanced by Sir 
David Brewster ; and Mr. Barlow has, by a beautiful experiment, 
shown its application. It occurred to him that if he could distri- 
bute over the surface of an artificial globe a series of galvanic cur- 
rents, in such a way that their tangential power should everywhere 
give a corresponding direction to the needle, this globe w ould exhibit, 
while under electrical induction, all the magnetic phenomena of the 
earth upon a needle freely suspended above it. The foJlowdug is an 
account of the experiment : — 

“ I procured a wooden globe, 16 inches in diameter, w hich was 
made hollow for the purpose of reducing its weight, and while 
still in the lathe, grooves were cut to represent an equator and 
parallels of latitude, at every 4^° each w ay from the equator to 
the poles ; these grooves were about ith of an inch deep and 
broad ; and, lastly, a groove of the same breadth, but of double the 
depth, was cut like a meridian from pole to pole half round. These 
grooves were for the purpose of laying in the wire, w Inch was effected 
thus: the middle of a copper wire nearly 90 feet long, and -doth 
of an inch in diameter, was applied to the equatorial groove, so 
as to meet in the transverse meridian ; it was then made to pass 
round this parallel, returned again along the meridian to the next 
parallel, and then passed round this again, and so on, till the wire 
was thus led in continuation from pole to pole. 

‘‘ The length of wire still remaining at each pole was bound with 
varnished silk, to prevent contact, and then returned from each pole 
along the meridian groove to the equator. At this point, each wire 
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being fastened down with small staples, the wires for the remaining 
5 feet were bound together to near their common extremity, where 
they opened to form two points for connecting the poles of a power- 
ful compound voltaic battery. 

“ When this connexion was made the -wire became, of course, an 
electric conductor, and the whole surface of the globe was put into 
a state of transient magnetic induction ; and consequently, agreeably 
to the laws of action above described, a neutralized needle freely 
suspended above such a globe, would arrange itself in a plane passing 
from pole to pole through the centre, and take different angles of 
inclination, according to its situation between the equator and either 
pole. 

“ In order to render the experiment more strongly representative 
of the actual state of the earth, the globe in the state above de- 
scribed, was covered by the gores of a common globe, which were laid 
on so as to bring the poles of this wire arrangement into the situa- 
tion of the earth’s magnetic poles, according to the best observations 
we have for this determination ; I therefore placed them in latitude 
72° N., and 72° S., and on the meridian corresponding with 76° W., 
by wdiich means the magnetic and true equators cut one another at 
about 14° E. and 166° W. longitude. 

‘‘ The globe being thus completed, a delicate needle must be sus- 
pended above it, neutralized from the effect of the earth’s Magnetism, 
according to the principle I employed in my observations on the daily 
variation, and described in the jPhilosophieal Transactions for 1823 ; 
by which means it will become entirely under the superficial galvanic 
arrangement just described. Conceive the globe now to be placed 
so as to bring London into the zenith, then the two ends of the con- 
ducting wire being connected with the poles of a powerful battery, 
it will be seen immediately that the needle, which was before indif- 
ferent to any direction, will have its N. end depressed about 70°, 
as nearly as the eye can judge, which is the actual dip in London, 
If now we turn the globe about on its support, so as to bring to the 
zenith places equally distant with England from the magnetic pole, 
we shall find the dip remains the same ; but the variation will con- 
tinually change, being first zero, and then gradually increasing east- 
ward as happens on the earth. If again we turn the globe so as to 
make the pole approach the zenith, the dip will increase, till at the 
pole itself the needle will become perfectly vertical. Making now 
this pole recede, the dip will decrease, till at the equator it vanishes, 
the needle becoming horizontal; continuing the motion, and ap- 
proaching the S. pole, the S. end of the needle will be found to 
dip, the degree of inclination increasing continually from the equator 
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to the pole, where it becomes again vertical, but reversed ae regards 
its verticality at the N. pole.” 

(928) But although a sphere thus arranged may be made to ex- 
hibit the phenomena of terrestrial Magnetism without the aid of 
any magnetic body, we have yet to learn how such a system of elec- 
trical currents can have existence in the earth, unless we refer them 
to the action of the sun on a metallic thermo-electric apparatus dis- 
tributed over the earth. It would still, however, remain to be shown 
what this thermo-electric apparatus is, and where and how it is 
distributed. 

Whether we seek for a cause of terrestrial Magnetism in electrical 
currents, induced on the earth’s surface, or whether we refer it to 
Magnetism induced on the ferruginous matter it contains, or in its 
atmosphere, we are limited to the Sun, if not as a primary cause, at 
least as an agent, to which magnetic phenomena have a distinct 
reference ; future investigation must decide whether it acts by its 
heat, or by its light, or by specific rays, or influences of a magnetic 
nature. 
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CHAPTEE XVIII. 
ELECTEO-MAGXETISM. 

Oersted's discovery — Affections of the needle and electrified wire — Mutual actions 
and reactions— De la Rive’s floating ring — Mutual actions of parallel electrical 
currents — Laws of angular currents — Sinuous currents, solenoids — Galvano- 
meters — Faraday’s researches — Electro-magnetic rotations — Electro-magnets and 
electro-magnetic engines. 

(929) Tre disturbance produced in the magnetic needle hy the 
aurora borealis and lightning, had long suggested to philosophers 
that the agencies of Electricity and Magnetism must he connected hy 
some close and intimate relation. For nearly half a century the 
discovery of this relation was a favourite subject of speculation j and 
it is curious to compare the various opinions which were maintained 
by different experimentalists. Magnetic properties were easily com- 
municated to bars of steel, by passing strong electrical shocks through 
them, but no general law could be traced as governing the polarity 
thereby imparted. D’Abilard imagined, that he had proved that the 
electric discharge imparts a northern polarity to that point of a steel 
bar at which it enters, and a southern polarity to that at which it 
makes its exit ; and this quite independently of the position of the 
needle, with respect to the magnetic poles of the earth. Wilke, on 
the other hand, w'^as equally satisfied that an invariable connexion 
exists between the negative Electricity and the nortliern polarity. 

(930) In one of the essays (which received a prize) on the 
question proposed by the Electoral Academy of Bavaria, in 1774: “Is 
there a real and physical analogy between electric and magnetic forces ; 
and if such analogy exists, in what manner do these forces act on the 
animal body ?” Professor Van Swinden, of Eraneker, after a long 
and elaborate discussion of the subject, arrived at the conclusion, that 
the similarity between Electricity and Magnetism amounts merely 
to an apparent resemblance, and does not constitute a true physical 
analogy ; whence he infers that these two powers are essentially 
different and distinct from each other. On the other hand, Professors 
Steiglehner and Hubner, maintained that both classes of phenomena 
are referable to the same agent, varying only in consequence of a 
diversity of circumstances. In this unsettled state, the subject 
remained tdl some years after the discovery of Galvanism, by which 
a fresh field of inquiry was opened, and a means of maintaining a 
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large and continuous current of Electricity obtained. The first 
approach to a solution of the question, was the publication of Eitter; 
be asserted, “that a needle, composed of silver and zinc, arranged 
itself in the magnetic meridian, and was slightly attracted and repelled 
by the poles of a magnet ;** he also stated, “that by placing a gold 
coin in the voltaic circuit, he had succeeded in giving to it positive 
and negative electric poles ; and that the polarity so communicated, 
was retained by the gold, after it had been in contact with other 
metals, and appeared therefore to partake of the nature of Magnetism ; 
that a gold needle, under similar circumstances, acquired still more 
decided magnetic properties and, “ that a metallic wire, after being 
exposed to the voltaic current, took a direction N.E. and S.W.” 

(931) In consequence of the vague and loose manner in which 
Eitter 'advanced his speculations, but little notice was taken of them, 
and no satisfactory results were obtained till the year 1819, wlien 
Professor Oersted, of Copenhagen, made his famous discovery, which 
forms the basis of the science of Electro-magnetism. The fact observed 
by Oersted was, that when a magnetic needle is brought near the 
connecting medium (whether a metallic wire or charcoal, or even saline 
fluids of a closed voltaic circle), it is immediately deflected from its 
natural position, and takes up a new one, depending on the relative 
positions of the needle and wire. If the connecting medium be placed 
horizontally over the needle, that pole of the latter w’hich is nearest 
to the negative end of the battery, always moves westward; if it be 
placed under, the same pole moves to the east. If the connecting 
wire be placed parallel with the needle, that is, brouglit into the same 
horizontal plane in w^hich the needle is moving, then no motion of the 
needle in that plane takes place ; but a tendency is exhibited in it to 
move in a vertical circle, the pole nearest the negative side of the 
battery being depressed, when the wire is to the west of it, and 
elevated when it is placed on the eastern side. 

Fig. 307 represents a convenient arrangement for exhibiting 
Fig. a07. the action of a wire con- 

ducting a current of Elec- 
tricity on the magnetic 
needle, a a, two turned 
wooden pillars screw’ed into 
a base board B, and sur- 
mounted by two mercury 
cups c c. D, a copper 
wire, the ends of which dip 
into the mercury, as do also 
the wires connected with 
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the opposite extremities of a simple voltaic battery. A current of 
Electricity can thus be made to pass in either direction along the 
wire D : e is the magnetic needle nicely poised on a wire, which by 
means of the screw^G may be elevated or depressed, and the needle 
thus set either above or below the wire D, or it may be removed and 
replaced by the dipping needle h. The needle is likewise affected 
when suspended over the battery itself, but its movements are the 
reverse of those which take place when it is suspended over the 
connecting wire. As in all electro-magnetic researches it is 
necessary to bear in mind these affections of the needle and 
electrified wire, several contrivances have been made to assist the 
memory respecting the details. Eig. 308 represents the plan of 
Dr. Eoget. A B ^ slip of card, on each side of which a line a h 
is drawn along the middle of its 
length, the end a being marked +, 
the end h — , and the centre c being 
crossed by an arrow, at right angles 
to it, directed as in the figure. 

Through the centre, and at right 
angles to the plane of the slip of 
card, there is made to pass a slender 
stem of wood, at the two ends of 
which are fixed in planes, parallel to 
the slip of card A B, the circular 
discs of cards marked respectively 
with the letters iVand S, and with 
arrows parallel to, but pointing in a 
contrary direction to the one at c. The same marks must be put on 
the reverse of each of the three pieces of card, so that when held in 
different situations they may be seen w ithout turning the instrument. 

(9f32) If the line a b, be supposed to represent the connecting 
wire (the direction of the current of Electricity being denoted by 
the signs + and — at the ends of the line), the arrow at the centre 
wrill point out the direction in which it tends to move, when under 
the influence of the N. pole of a magnet, situated at A'; or of a 
S. pole situated on the other side, as at S; and vice versa the arrows 
-ZV and S, will indicate the directions in which the and S. pole 
respectively tends to revolve round the connecting wdre in its vicinity, 
with relation to the direction of the current of Electricity that is 
passing through it. It must be observed that the poles iV' S are not 
considered as in connexion vrith each other, or as forming parts of one 
magnet ; their operations are exhibited singly and quite independently 
of each other. The advantage of the instrument consists in its 
being capable of being held in any situation, and thus easily adapted 


Fig. 308. 
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to the circumstances of any fact or experiment of which we may 
wish to examine the theory. 

(933) A useful help to the memory has also been suggested by 
Ampere. Let the observer regard himself as the conductor or con- 
necting wire, and imagine a positive electric current to pass from his 
head towards his feet in a direction parallel to the magnet ; then its 
pole in front of him will move to his right side, and its S. pole 
to his left. The plane in which the magnet moves is always parallel 
to the plane in which the observer supposes himself to be placed. 
If the plane of his chest be horizontal, the plane of the magnet’s 
motion will be horizontal ; but if he lie on either side of the hori- 
zontally suspended magnet, his face being towards it, the plane of 
his chest will be vertical, and the magnet will tend to move in a ver- 
tical plane. Figs. 309 and 310 represent the direction of the circu- 


Fig. 310. 




Fig. 309. Fig. 310. lating current of Mag- 

/i\ • ji t netism. In Fig. 309 

the connecting wire 
is placed vertically, 
electric current 
descending it from p 
} f t 0 7i; the arrows de- 

^ ^ »lv note the direction in 

w'hich the N. pole of a magnet will have a tendency to move round 
it ; i, €. from left to right, or in the direction of the hands of a w'atch. 
Fig. 310 shows the motion impressed on the S. pole by a similar 
current ; when the direction of the electricity is reversed, the wire 
still preserving its vertical position, the direction of the action is also 
reversed. From the manner in which the needle is affected when 
placed parallel to either side of the current*it was inferred that a 
current of Magnetism is set in motion at right angles to the latter. 
This was termed by Dr. Wollaston Vertiginous Magnetism ; and 
by Mr. Barlow, the magnetic force w^as said to exert a tangential 
action. 


(934) The extent of the declination of the magnetic needle de- 
pends entirely on the quantity of JElectricity passing along the con- 
necting wire, and has nothing to do with the tendon of that Elec- 
tricity, nor is it increased by increasing the intensity of the current ; 
hence the employment of galvanic batteries for the exhibition of the 
effects of Electro-magnetism : we see here also the reason why the 
first inquirers were foiled in their attempts to elicit these effects. 

(936) The force exerted by the electric current on the magnetized 
needle diminishes in intensity in proportion as the distance between 
the current and the needle increases. The law, in accordance with 
which this diminution is regulated, w as determined by MM. Biot and 
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Savary. When the current is rectilinear, and the length of the 
wire considerable, so that in relation to that of the needle it may be 
regarded as infinite, the intensity of the electro-magnetic force is in 
inverse ratio to the simple distance of the magnetized needle from the 
current. But it is only under these conditions that the law is true, 
for Laplace has shown that the elementary electro-magnetic force, 
that is, the elementary action of a simple section of the current 
upon the needle, is like all other known forces in the inverse ratio of 
the square of the distance^ and proportional to the sine of the angle 
formed by the direction of the current, and by the line drawn through 
the centre of the section to the centre of the needle. In fact, by 
calculating according to this principle, the sum of all the elementary 
actions that are exercised on a small needle by an indefinite recti- 
linear current, it is found that the intensity of this resultant should 
be, as experiment proves it really is, in the inverse ratio of the simple 
distance. From the same law of the 
elementary force it follows, that 
the intensity of the action of an 
indefinite angular current, ah 
(Fig. 311) on a small needle, d e, is 
in the inverse ratio of the dis- 
tance, h df like that of the rect- 
angular current, but it is more- 
over proportional to the tangent 
of half the angle, ah f 

(93G) The action of the electric current on the magn^^t is attended 
with a corresponding and 
equal reaction of the mag- 
netic poles on the current. 

Fig. 312 exhibits the appa- 
ratus contrived by Ampere 
for showing the action of a 
fixed magnet on a move- 
able rectangular wire. Two 
metallic uprights, a, J, pro- 
vided at their lower ex- 
tremities with cups to hold 
mercury, are fixed on a base 
board, c ; from the tops of 
these vertical rods proceed long horizontal arms, carrying at their 
ends brass mercury cups. The moveable conductor consists of a 
rectangular copper wire, its two extremities being brought back near 
each other, so that their points may dip into the mercury capsules. 


Fig. 312. 
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d, e ; one of the poles of the voltaic battery is made to communicate 
with the lower extremity of one of the fixed conductors, and the 
other with the corresponding extremity of the second pillar. Sup- 
posing the connexions to be made in the manner indicated in the 
figure, then the current will circulate through the system in the 
direction pointed out by the arrows, and on placing a magnetized 
bar below and very near to the lower part of the wire, the latter 
immediately moves and sets itself transversely to the magnet. On 
altering the direction of the current, or on turning the fixed magnet 
round, the wire again moves and describes an angle of 180° in order 
to take up a position the reverse of that which it previously occupied, 
and which is in strict accordance with Ampere’s formula in the case 
of a fixed current and moveable magnet. 

(937) In making electro-magnetic experiments, it is convenient 
to be provided "with an apparatus for reversing the direction of the 
electrical current without disturbing the conducting wires. I^ig. 313 
shows the contrivance of Magnus for this purpose. 

A A is a block of wood on which are 
V fixed the two brass bands, i? J?, C C, 
/ terminated at their extremities by 
square blocks of brass with binding* 
screws and cup-shaped holes. D I>, 
two fiat pieces of brass connected and 
insulated by the glass rod, E. These 
are the break pieces, and move on 
joints at EE, where they are connected 
by the wires, P N, with the battery . 

^ The other binding screws at the ter- 

mination of the brass bands serve to connect the arrangement 
through w’hich the currents arc to pass. 

(938) The rectangular wire when traversed by a pow’erful voltaic 
current, and when its diameter is from 18 inches to 2 feet, is 
acted upon sensibly by terrestrial Magnetism; it sets itself, in fact, 
transversely, or perpendicularly, to the magnetic meridian, the earth 
acting like a magnet whose N. pole w^ould be on the S., and 
whose S. pole would be* on the N. of the earth. Under the 
influence of the Magnetism of the globe, therefore, the moveable 
conductor moves in a direction the reverse of that to which it would 
tend w^hen influenced by a magnet alone ; the two motions tend to 
counteract each other, and this complication Ampere obviated by 
making the system astatic, that is, by so arranging it that there 
shall be equal and similar horizontal currents running in contrary 
directions, and equal and similar vertical currents running in the 
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same direction, as shown in Fig, 314, 
where the two rectangles are repre- 
sented as situated each on a different 
side of the axis of rotation, but on 
the same plane ; the current traversing 
the two associated rectangles in dif- 
ferent directions, as shown by the ar- 
rows. The action of the earth’s 
Magnetism on this system is null, 
because it gives to one of the rect- 
angles a tendency to move in a direction the reverse of the other. 

(939) In order to give the moveable conductor perfect freedom 
of motion, which in Ampere’s arrangement it could not have, 
because of the horizontal arms of the vertical supports, M. De la Hive 
contrived the ingenious little apparatus shown Pig, 315 . 

in Fig (315). It consists of a cylindrical glass 
vessel, having a cork float attached to its upper 
end. Into this vessel is inserted a small voltaic 
combination, formed on Dr. Wollaston’s plan, 
and consisting of a plate of zinc surrounded by 
a copper plate, the zinc plate being insulated 
upon its edges. A copper wire affixed by solder- 
ing to both these plates, is made into the form 
of a ring, consisting of several coils of the wdre, 
w’hich is besides insulated, by being ^Tapped 
round with silk thread : upon pouring diluted 
acid into the glass vessel, and placing the plates 
in it, voltaic action commences, and is mani- 
fested by placing the apparatus afloat in water, when the coil will 
have a tendency to take a position in the plane of the magnetic 
meridian, and wiU exhibit all the effects of the attractive and repul- 
sive tendencies wdiich have been described above, w^hen a strong bar 
magnet is brought near it on either side. If the magnet be suffi- 
ciently slender to pass through the ring, the following curious pheno- 
menon wdll be observed : If the pole be presented to it on the side 
where attraction takes place, the ring wiD move towards it till it 
arrives at the pole, and then proceed onwards in the same course, the 
magnet being held in the axis of the ring, till it reaches the middle 
of the magnet, but there it seems inclined to stop ; and then, after a 
few oscillations, it settles as in a position of equilibrium ; for, if pur- 
posely displaced, by bringing it forwards towards the other pole, it 
returns with a force which shows that it is repelled from that other 
pole. Let the magnet now be withdrawn, and turning it half round, 
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BO that its poles are in directions the reverse of what they were at 
first, and holding the ring in one hand, let the magnet be again 
introduced into it with the other hand; until it is half way through. 
Under these circumstances, it is just possible that it may have been 
brought into such a situation as that the ring may again be in equili- 
brium, undetermined in what direction to movo ; but the slightest 
change in this position, causes it to move with an accelerated velocity 
towards that pole which is nearest to it ; and getting entirely clear 
of the magnet, it is projected to a considerable distance from it. At 
length, however, it stops, and, gradually turning round, presents the 
opposite face to the magnet ; attraction now takes place, and the ring 
returns to the magnet with a force equal to that with which it had 
before fled from it ; and passing again over its pole, finally rests in 
its position of equilibrium, encircling the middle, or what may be 
termed the equator, of the magnet. In the former position it was 
equally attracted by the two poles of the magnet, in the latter it is 
equally repelled ; and accordingly, the first was an unstable and the 
last a stable equilibrium. There are few experiments better calcu- 
Fig.316. lated to exhibit to a class in a lecture^room the mutual 
affections of a magnet and an electrified wire than this : 
the motions of the floating coil are less impeded by set- 
ting it afloat in a small thin varnished wooden dish as 
shown in Fig. 316, where the voltaic pair is represented 
as being placed in a horizontal position in a little bowl ; 
the whole is then set afloat in a large basin or trough of water, and 
on pouring a little dilute sulphuric acid into the bowl, the coil wdll be 
found to be surprisingly sensible to the influence of a magnet, and 
will be attracted and repelled at the distance of several inches. 

(940) The directive tendency of an electrified wire may also be 
Fig. 317. strikingly exhibited by bending it into the form 

of a spiral, and either connecting it with the 
floating galvanic arrangement, or suspending it 
delicately by a hook as in Fig. 317, and passing 
the voltaic current through it ; the plane of the 
spiral will be found to place itself E. and AV., 
the positive current ascending on the W. side, 
and descending on the E., taking the same 
course as the hands of a watch when it is held 
on edge with the plane of the dial lying E. and 
W . facing S. That side of the spiral which is 
towards the iN”. acts as the N. pole, and the 
S. side has an opposite polarity. Each side 
powerfully attracts iron filings. 
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(941) The rotation of horizontal currents by the influence of the 
Magnetism of the earth is demonstrated by the apparatus shown in 
Pig. 818. It consists of a cop- 
per dish filled with dilute sul- 
phuric acid, in the centre of 
which the horizontal wire, a 5, 
terminated with two balls, is 
balanced on a fine point ; from 
near the ends of this wire two short wires drop vertically into the 
acid ; on causing the voltaic current to pass in a contrary direction 
through the two halves of the wire, as indicated by the arrow heads 
in the figure, a continuous rotatory movement ^ established. The 
rotation is from E. to W. when the current passes from the centre 
to the circumference, and from to E. when it moves from the cir- 
cumference to the centre of the wire. If the N. pole of a magnet 
be held underneath the apparatus, a great increase in the velocity of 
the rotation takes place ; but if the same pole be presented above, 
the velocity is diminished, the magnet in the first instance co-operat- 
ing with, and in the second instance contending against, the action 
induced by the earth ; the reverse effects are produced by the S. 
pole. If the magnetic pole be held in the same horizontal plane as 
the wire a b, its action is altogether null. 

(942) The following curious phenomena were observed by Sir 
H. Davy. He plunged the two poles of a powerful battery vertically 
at about an equal distance from the centre and circumference into 
mercury contained iu a shallow dish and covered with acidulated 
water ; no particular appearance was observed till one of the poles of 
a powerful magnet was brought near, when the mercury became 
agitated, and began to revolve with rapid rotation round each wire, 
the directiou of the motion being determined by that of the current ; 
and by the position and nature of the magnetic pole. The rotation 
was most rapid when the two opposite magnetic poles were brought 
into action, one being held above and the other below the mercury. 
Two thick copper wires covered with wax, but with their ends clean, 
were passed through the bottom of a glass dish about 3 inches apart, 
and projecting about 1 inch from the bottom of the dish, which was 
then filled with mercury to the depth of about a line above the tops 
of the wires. On passing a powerful current through the wires, the 
mercury became violently agitated, its surface above each wire rose 
in the form of small cones, which fell in little waves in all directions, 
the only quiescent spot being where the waves met at the centre of 
the mercury between the two wires. On approaching gradually one 
of the poles of a powerful magnet to the summit of one of the cones. 


Fig. 818. 
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it gradually fell, and, as the magnet advanced, a funnel-shaped cavity 
was formed in the mercury, the apex of which descended nearly to 
the top of the wire. Fused tin exhibited the same phenomena. 

(943) By the apparatus shown in Fig. (319) Ampere demon- 
strated that a rectangular wire, if arranged so as to be moveable 
Fig. 319. round a horizontal axis, and in per- 

fect equilibrium, in all its positions 
round this axis, will, if placed with 
its axis of motion at right angles to 
the magnetic meridian, place itself 
steadily in tlie plane of the magnetic 
equator, that is, in a plane perpen- 
dicular to the line of the dip, when 
traversed by a voltaic current. The 
rectangular frame of copper wire is 
fixed at right angles to a tube of 
wood, which serves as an axis, and in 
the same plane, a lozenge-shaped 
bar of wood, a h, is placed. The 
current ascending the pillar, enters the rectangle through a steel 
pivot, resting on the metallic plate c. ; it traverses the wire in the 
direction of the arrows, and finally descends through the plate d, 
down the metallic pillar, The moment the electric current is 
established through the wire, it begins to oscillate, and finally takes 
up a position in the plane of the magnetic equator. On reversing 
the direction of the current, the magnetic polarity of the wire 
becomes reversed, and the rectangle turns round, so as still to place 
itself in the same plane as before, but with its faces turned in the 
opposite directions. 

Fig. 320. (944) Mutual Action 




of t wo Parallel Electrical 
Currents. — When tw^o 
metallic wires are tra- 
versed simultaneously by 
an electrical current, the 
wires are either attracted 
tow^ards, or repelled from 
each other, according to 
the relative directions of 
the two currents ; when 
I they move in the same 
direction through the 


w ires, there is a mutual attraction ; when they move in a contrary 
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direction there is a mutual repulsion 
set up* between the conductors. 

These phenomena, as well as the 
development of the mathematical . 
laws which govern them, were dis- 
covered by Ampere, and may be 
illustrated by means of the appa- | 
ratus shown in Figs. 320 and 321. 

Two copper columna are fixed ver- 
tically on a wooden base The 
positive electrode of a battery of 
5 or 6 pairs is made to commu- 
nicate with the left hand pillar through the mercury cup a ; the 
voltaic current ascends this pillar, and enters the moveable rectan- 
gular copper wire through the mercury cup leaves it through the 
cup c, and ascending the right hand column completes the circuit 
through a wure communicating with the negative electrode. By 
observing the direction of the arrow heads, it will be perceived that 
the voltaic current is moving in different directions through the fixed 
pillars, and through those porMons of the moveable conductor adja- 
cent to them ; the rectangle is, therefore, repelled in accordance with 
Ampere’s law; but by arranging the wire as shown in Fig. 321. 
the current is caused to move in the same direction through the 
pillars and the adjacent parts of the moveable conductor, and 
attraction consequently results. The intensity o^ these attractions 
and repulsions is in proportion to the length of the vertical sides of 
the rectangles, and to the square of the intensity of the current in 
circulation, it would be also in the inverse ratio of the simple distance, 
if the fixed columns could be considered as having a length infinite 
in relation to that of the moveable conductors. 

(946) Laws of Angular Ourrents , — ^Two rectilinear currents which 
diverge from, or converge to a common point, mutually attract. 
If one converges and Fig- 322 . 

the other diverges, mu- 
tual repulsion ensues. 

Thus let ah and cd (Fig. 

322) be two currents 
crossing at the point 
there will be attraction a 
between the two parts a r, c r, because the currents are both con- 
verging towards r, and also betw’een hr, dr, because they both are 
diverging from that point ; but there will be repulsion between a r 
and r d, and also between c r and r h, because, w’hile a r and c r are 

U TT 
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approaching the point r, r & and r d are receding from it. These 
laws may be demonstrated by the apparatus 
shown in Figs. 323 and 324. Two semi- 
circular grooves, separated by the non-con- 
ducting divisions a and are cut in a block 
of wood ; a very mobile copper needle, c is 
poised in the centre on a pivot; the ends of 
this needle, which are of iron, are bent at 
right angles and dip into mercury contained 
in the grooves ; a little below this first 
needle is placed a second,? moving inde- 
pendent of the other, like the hands of a 
watch, its points being also at right angles 
and dipping into the mercury channels! The 
electrical current enters through or, and 
passing over the two needles escapes at y. 
The needles being in the position cd^ ef repulsion takes place, but 
attraction ensues when they are placed in any other position whatever, 
such that the angle crf^ shall be less than a right angle. From this 
it follows that an angular current a h c, tends to become straight ; 

Fig. 325. the parts a h and h c ex- 

ercising a mutual repul- 
sion. This repulsion not 
only tends to bend back 
f he into a prolongation 
of a h, but it is still exercised when this condition is fulfilled; in other 
words, the contiguous 'portions of the same rectilinear currents repel 
each other. By means of the apparatus (Fig. 326) this consequence so 
important to his theory was demonstrated by Ampere. A hollow 
Fig. 326. cut out of a block of wood, is divi. 

ded into two compartments by the 
non-conducting division ah \ 2 l silk 
covered copper wire is so bent that 
in each compartment it shall present 
a horizontal branch parallel to the division ; these branches or arms 
are covered with wax, except at their extreme ends, where they are 
bent so as to touch the mercury. On passing a strong current 
through the wire it immediately recedes, showing an apparent repul- 
sion between the current passing through the mercur}% and that 
traversing the wire. Pouillet (“Elements de Physique” tome i, p. 
562), does not think that this- experiment demonstrates the fact in a 
manner completely satisfactory, because we have not sufficient know- 
ledge of the mode in which a voltaic current passes from a liquid to 




Fig. 323. 
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a solid ; if for instance, one portion of the current should pass 
obliquely to the wire, the phenomenon of repulsion would be equally 
exhibited. 

(946) notation of a Current hy the Action of a Current, — If wc 

imagine a fixed indefinite cur- Fig. 327. 

rent moving in the direction, tC 

a b, Fig. 327, and another cur- 
rent, c d, moving in a direction | 

parallel to itself, tho point of * 

crossing being at r, there will c 

be attraction about the angle I 

hr dj betw'ecn the parts r h and a S 

c d, because in both the current 

is moving from the summit of the angle, or from the point of crossing ; 
there will, on the contrary, be repulsion about the angle ar d, because 
on one side, a r, the current is approaching to, while on the other 
side; c d, it is receding from the point of intersection. These two 
forces give rise to a resultant parallel, a b, which tends to urge inces- 
santly the current c d from a towards 6. If the fixed current, a 6, is 
formed into a circle, it is evident that c d should revolve indefinitely ; 
and that it actually docs so may be proved by the little apparatus 
showm in Fig. 328. It consists Fig. 328 . 

of a glass vessel, containing 
acidulated w’ater, round which 
is w^ound a silk-covered copper 
wurc, through wdiich a voltaic 
current is caused to circulate. 

In the centre of this vessel 
there is fixed a copper pillar, 

B, surmounted by a small cap- 
sule for containing mercury; in 
this is plunged an iron point supporting a copper wire, D C, bent at 
a right angle at either end, and carrying the copper ring, m, which 
dips into the acidulated water. The voltaic current entering at A, 
after having made several circuits round the glass vessel, passes up 
the pillar B, from the cup of w^hich it proceeds in both directions 
along the copper w ire and reaching the copper ring is transferred to 
the acidulated water, into which is plunged tlie negative electrode, E, 
of the pile ; the moment the circuit is complete, ^le whole moveable 
system begins to revolve in a direction contrary to that of the fixed 
current. 

(947) Sinuous Currents; Solenoids, — If a current, instead of 

ir XT 9 
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Fig. 329. following a rectilinear course, deviate alternately to 
the right and to the left, its action is the same with 
that of a rectilinear current of the same extension. 
This may be proved by passing a current through a 
wire, ah c, partly rectilinear and partly sinuous or 
zig-zag, and bringing it near to a mobile conductor 
(Fig. 329) ; the latter will be neither attracted nor re- 
pelled, proving that the sinuous portion, c ft, is in 
exact equilibrium with the rectilinear portion, a ft. 
The combination of a rectilinear with a sinuous cur- 
rent is called a solenoid. It is a system of circular 
currents, equal and parallel, formed by twisting a silk- 
covered copper wire, corkscrew-fashion, hack upon 
itself j but to make it perfect, the straight part of the 
wire must be as exactly as possible in the centre of 
the helix. Thus arranged, when the circuit is tra- 
versed by a current, the action of the solenoid in the direction of 

Fig. 330. 



its length, A B, is destroyed by that of the rectilinear current B C, 
and the only effect produced is due to the system of circular currents, 
equal and parallel, moving in a direction perpendicular to its axis. 
IS'ow, as the action of fixed currents on moveable ones is to bring 
them into a position parallel to themselves, with their currents 
moving in the same direction, a solenoid freely suspended on a ver- 
tical axis should, when acted on by a rectilinear current, range itself 
with its circles parallel to that current. It is accordingly found that 
Fig. 331. on passing a strong vol- 

taic current through a 
solenoid suspended from 
two mercury cups, as 
shown in Fig. 331, so as 
to allow it perfect free- 
dom of motion round a 
vertical axis, and passing 
at the same time under, 
neath, and parallel to its 
axis, a rectilinear cur- 
rent, the solenoid turns 
itself across that current taking up a position with its circles 
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parallel to it. If instead of passing the rectilinear current hori- 
zontally underneath the solenoid, it be passed vertically and near 
one end, the latter is either attracted or repelled according as 
the currents are passing in the same or in opposite directions, 
through the wire and through the contiguous parts of the 
solenoid. Two solenoids exhibit towards each other the phenomena 
of attraction and repulsion in a manner precisely similar to two 
magnets, and a solenoid is influenced by a magnetic bar precisely as 
another magnet would be. In short, a solenoid has all the properties 
of a magnet, and when suspended, as shown in Eig. 331, and traversed 
by a strong electric current, it will range itself with its axis parallel 
to the direction of the declination needle. If the solenoid be a right 


Fig. 332. 



handed helix, its wire being turned from left to right, then the ex- 
tremity at which the current enters has the magnetic properties of a 
N. pole, and the extremity at which it leaves the helix those of a 
S. pole. If the helix be left-handed, its wire turning from right 

Pig. 338. 



to left, then the extremity at which the current enters has the pro- 
perties of a S. pole, and that at which it leaves the helix has 
those of a JST. pole. When a magnetic bar is broken across, each 
fragment is itself a perfect magnet, the two a Fig* 334. 
fractured ends having an opposite polarity ; ^ 

it is precisely the same with a solenoid ; sup- ^ Z3 
pose, for example, A B to represent a sole- 
noid extending indefinitely on either side of 
the point m, and traversed by a current in ^ ^ 
the direction of the arrows, the extremity A 
is a S. pole, because on looking at the ^ 
face of this terminal circle the ascending g 
current is observed to be moving from left to 
right ; suppose now the solenoid to be cut in '"3 
two at m, the a end will h© a S. pole, and 
the end h a N» pole, because on looking 
at the face of the terminal circle of the latter, 
the ascending current is seen to be moving b i j 
from right to left. It is evident, therefore, that there will be attrac- 
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tion between a and h, and it may be proved moreover that this 
attraction is, as in the case of magnets, inversely as the square of the 
distance between a and b. 

(948) A beautiful exemplification of the mutual attraction of 
conducting wires carrying voltaic currents moving in the same 
direction, is afforded by Eogefc’s spiral (Pig. 335). It consists of a 
Fig. 335. loose coil of copper wire, the upper end 

being either held by a binding screw 
or suspended by a fibre of silk, and the 
lower end (which should be amalga- 
mated) just touching the surface of 
some mercury in a little cup, communi- 
cating with the negative electrode of 
a pretty strong voltaic battery. On 
making a contact between the upper 
extremity of the spiral and the positive 
electrode, the coils being all traversed 
by a current in the same direction, will 
mutually attract each other ; the entire 
spiral being hereby shortened, the lower 
end leaves the mercur}”, and the contact with the battery is broken ; 
the weight of the wire thus causes it again to fall into the mercury, 
and the passage of the current is restored ; in this way a rapid series 
of longitudinal vibrations is produced, accompanied by a snapping 
noise, and a succession of bright sparks. Again, suspend from a 
horizontal rod two similar compound spirals, each consisting of several 
layers of insulated copper wire superposed, and send a strong current 
through each in the same direction ; they will attract each other 
powerfully, even at a distance of several inches ; now reverse the 
direction of the current in one of the spirals, upon which a repulsion 
equally powerful will be set up between them. It must be borne in 
mind that in flat spirals as well as in helices, the nature of the mag- 
netic poles is determined by the direction of the spirals as well 
as by the direction of the current. In the right-hand spiral (Fig. 

Fig- 336. Fig. 337. 836.) the end at which 

s the current enters 

J has the magnetic pro- 

^ ^ perties of a N. pole 

and in the left-hand 
helix (Fig. 337), the 
1 1 1 end at which the cur- 
rent enters has the 
: — properties of a S. pole. 
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(949) Oalvanometerg , — We have already described the construc- 
tion of the various forms of this valuable instrument (426 et seq^.), and 
the preceding considerations render Fig. 838. 

it probably unnecessary to add any- 
i^hing with reference to the princi- 
ples on which their action depends. 

In Fig. 338, is shown the vertical 
spiral coil, galvanometer described 
by Dr. !Roget {Library of Useful 
Knowledge^ Electro-magnetism, No. 

44). The needle is suspended from 
its centre by a fine thread between 
four vertical spiral coils, the centres 
of which are brought very near to 
the poles of the needle. The] same 
current is made to circulate through 
all the four spirals, the turns of which 
are directed so as to produce repulsion 
of the contiguous pole on the one side, and attraction of the same 
pole on the other side. In each disc the force acting perpendicularly 
to the plane of the discs is multiplied in proportion to the number of 
the circumvolutions of the wire, and the spiral turns being made in 
the same directions in all the discs, their actions will concur in pro- 
ducing in the needle a deviation in the same direction, and the total 
force will be four times that of a single disc. 

(950) The action of a magnet on a moveable conductor has also 
been made available as an extremely delicate test of a weak galvanic 



current. {Cumming^s LUectro Dynamics.) 
A slip of gold leaf g (Fig. 339) is retained 
loosely between two forceps, each termina- 
ting in a mercury cup or binding screw, 
for establishing the communications by 
which the current is transmitted through 
the leaf. The whole is enclosed in* a 
cylindrical glass case, the middle of Which 
is placed between the poles of a powerful 
horse-shoe magnet, so that the gold leaf 
may be nearly equidistant from them when 
the circuit is complete. The latter is 
attracted or repelled laterally by the' poles 
of the magnet according as the current is 
ascending or descending ; the broad sur- 
face of the leaf becoming convex towards 


Fig. 339. 
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the magnet in the one case, and concave in the other. This prin- 
ciple has been adopted by Highton in one of his patented electric 
telegraphs. 

(951) Mr. Faraday, whilst making experiments to ascertain the posi- 
tion of the magnetic needle relative to the connecting wire, was led 
(Quart. Jour, of Science, xii., p. 74) to some new views of electro- 
magnetic action. On placing the wire perpendicularly, and bringing 
the needle towards it to ascertain the attractive and repulsive posi- 
tions with regard to the wire, he found them to be eight — 2 attrac- 
tive and 2 repulsive for each pole. Thus, allowing the needle to 
take its natural position across the wire, and tlien drawing the sup- 
port away from the wire slowly so as to bring the N. pole, for 
instance, nearer to it, there was attraction, as was to be expected ; 
but on continuing to make the end of the needle come nearer to the 
wire, repulsion took place, though the wire still was on the same side 
of the needle. If the wire was on the other side of the same pole ot 
the needle, it repelled it when opposite to most parts between the 
centre of motion and the end ; but there was a small portion at the 
end where it attracted it. 


Fig, 340. Fig. 341. 



C 

Fig. 340 shows tlie positions of attraction for tlie jV. and S. poles. 
Fig. 341 the positions of repulsion. 

(952) On making the wire approach perpendicularly towards one 
pole of the needle, the pole passed off on one side in that direction 
which the attraction and repulsion at the extreme point of the pole 
gave ; but if the wire were continually made to approach the centre 
of motion by either the one or the other side of the needle, the ten- 
dency to move in the former direction diminished ; it thus became 
null, and the needle was quite indifferent to the wire, ultimately 
the motion was reversed, and the needle powerfully endeavoured to 
pass the opposite way. From this it was evident that the centre of 
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the active portion of either limb of the needle, or the true pole as it 
may be called, is not at the extrennity of the needle, but may be repre- 
sented by a point generally in the axis of the needle at some little 
distance from the end. It was evident also that this point had a 
tendency to revolve round the wire, and necessarily, therefore, the 
wire round the point ; and as the same effects in the opposite direc- 
tion took place with the other pole, it. was evident that each pole had 
the power of acting on the wire by itself, and not as any part of the 
needle, or as connected with the opposite pole. 

In Fig, 342, sections of the w ire in its different positions to the 
needle arc represented — the active poles by two dots ; and the arrow 
heads show the tendency of the wire in its positions to go round 
these poles. 

Fig. 342. 




From these facts it follows that both attraction and repulsion of 
coiuluctiiig wires are compound actions ; that there is no attraction 
between the wire and either pole of the magnet, and that the wire 
ouglit to revolve round the magnetic pole, and the magnetic pole 
round tlie wire. By the following ingenious apparatus Faraday 
proved this to be really the case. 

Into the centre of the bottom of a cup, as in the vertical section. 
Fig. 343, a copper wire c D, w^as inserted; a cylin- Fig. 343 . 

drical magnet n s, w^as attached by a threaci to 
the copper wire, c, and the cup was nearly fiUed 
with incrcur}', so that only the pole of the 
magnet projected. A conductor, a h, was then 
fixed in the mercury, perpendicularly over c. 

On connecting the conducting wires with the 
opposite ends of the battery, a current was 
transmitted from one wire through the mercury 
to the other. If the positive current descended, 
the N. pole of this magnet immediately began 
to rotate round the wire a h, passing from E. 
through the S. to W., L e., in the direction of the hands of a watch ; 
but if the current ascended, the line of rotation w as reversed. Con- 
versely, a magnet was fixed in a vessel of mercury, and the conduct- 
ing wire hung from a hook above it, the end just dipping into 
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the fluid ; the electric ciirrent being then transmitted 
through the moveable conductor, Paraday found that 
the free extremity instantly began to revolve round the 
pole of the magnet, in a direction similar to the last. 
A good contrivance for exhibiting this, is shown in 
Pig- 344. 

(953) In order to obviate the necessity of employ- 
ing so much quicksilver, which, by the resistance which 
it offers to the revolution of the magnet, greatly dimi- 
nishes the velocity of the rotation, the apparatus in 
Pig. 345, was devised by Mr. Watkins. It exhibits the 
contrary poles of tw^o magnets rotating about tw’o electrified wires. 
Two flat bar magnets, doubly bent in the middle, and having agate 
cups fixed at the under part of the bend, by which they are supported 
upon upright pointed wires, are affixed in the basis of the apparatus, 
upon which they turn round as upon an axis. Above the agate cups, 
on the upper part of the bend, small cisterns to hold mercury are 
also formed. Two circular troughs to contain mercury, are supported 
Fig 345 stage, affixed to 

the basis, having holes 
in their centres, to allow 
the magnets to pass 
through them. A bent 
pointed wire is affix ikI 
into the cisterns of each 
magnet, the ends of 
which dip into the mer- 
cury contained in the 
troughs upon the stage ; 
and through the sides of 
the trough, wires are 
passed, entering into the 
mercury contained in 
the troughs, and bearing 
at their ends other cups 
to hold mercury. To 
steady the motion of the 
magnets, wire loops are 
affixed to them, which 
embrace the upright 
pointed wires on which the magnets rest. A hollow pillar is firmly 
affixed to the stage, in which a bent wire supporting another cross 
wire is inserted, and is capable of being raised or lowered, and secured 
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at any required height by a binding screw. The two ends of the 
cross wire are bent downwards and pointed, and made to enter the 
two small cisterns affixed upon the magnets. A third cup to contain 
mercury is also provided at the top of the cross wire, and a commu- 
nication being made with the battery by means of uniting wires 
dipping into the mercury in the cups, the wire from the positive end 
of the battery being placed in the upper cup, and the w'ire from the 
negative end in each of the lower cups, the magnets will begin to 
rotate in opposite directions, and those directions may be reversed, 
by changing the situations of the uniting wires. Two batteries 
should here be employed, in order to make both the magnets revolve 
with the desired velocity ; and attention must be paid, when using 
two batteries, that the currents of Ek^ctricity flow in the same direc- 
tion ; otherwise, the phenomena of the revolutions of the magnets in 
contrary directions will not take place, but they will both revolve in 
the same direction. (J^opular Sketch of J^letro-magnetismy by 
Erancis Watkins.) 

(95 1) Thus it will bo seen that the direction of the rotation im- 
parted by a fixed current to a moveable pole, will be the same as that 
wliich the same pole imparts to the same cur- 
rent. Suppose IV (Fig. 340) to represent a sec- 
tion of a conducting wire, along which a positive 
current is descending, and n the N. pole of 
a magnet ; the influence of w on n will be to 
impel it in the direction of the arrow ; but n 
will also react on and tend to produce in it 
motion in an opposite direction, as exhibited by 
the arrow attached to w. Each is supposed to 
describe a circle round the other, moving in the 
same direction as the hands of a watch ; and if 
XV and n were at liberty equally to move, they would have a 
tendency to rotate round the line between them. 

(955) Ampere first succeeded in effecting the rotation of a mag- 
net round its own axis. In his original experiment the magnet was 
allowed to float, without a support, in a vessel of mercury, being kept 
in a vertical position by a weight of platinum attached to its lower 
end. The object was to make the electrical current pass through 
one half of the magnet itself, and then to divert it from its course, 
and make it pass away in such a direction as that it should not affect 
the other half. The reason of this is evident: suppose a positive 
current be made to descend a magnet placed vertieally, its N. pole 
being uppermost, it would tend to urge that pole round from left to 
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right, but its influence on the S. pole would [be just the reverse, 
tending to urge it from right to left ; or if two electrical currents be 
supposed, corresponding to the vitreous and resinous electricities, 
the tendencies would be the same ; and here it may be as well to 
mention, that in describing the phenomena of Electro-magnetism, we 
shall, to avqid tediousness, adopt the language of a single fluid, and 
suppose, that in the connecting wire of a voltaic battery, the elec- 
trical current is passing in one stream- from the positive to the 
negative end. 

(956) In Ampere’s experiment, the electric current, after travers- 
ing tlie upper half of the magnet, passes into the mercury, and being 
difiused through it, acts in no sensible degree on the lower half, and 
does not interfere with the rotation produced by its influence on the 
upper pole. 

It is, however, better to carry off the current by a different chan- 
nel, and this is effected by adopting the form of apparatus, shown in 
Eig. 347. It is thus constructed by Mr. Watkins. A 
flat bar magnet is supported in a vertical position by 
an upright metal wire, affixed in the basis of tlie ap- 
paratus, and having a hole in its centre, containing an 
agate cup, to receive the lower pointed end of the 
magnet ; its upper end turns in another hole, made in 
a vertical screw, witli a milled head to turn it by, 
which is passed through a screw hole, made in an 
arched piece of wire, affixed to the upper part of tho 
basis. Around the first mentioned vertical wire a 
cistern to contain mercury is provided ; and another, 
having a hole in its centre, to allow the magnet to 
pass through, and revolve within it, near the middle 
of the magnet. These cisterns have metal wires pro- 
jecting into them, through their sides, to support cups 
which contain mercury, to eftect the communication wdth the voltaic 
battery by means of uniting wnres. Into the magnet two small bent 
and pointed wires are affixed, the ends of which dip into the mercury 
contained in the cisterns. When the voltaic circuit is complete, the 
magnet begins to rotate within the Electricity, which it conducts 
itself, as it in fact forms part of the circuit ; the rapidity of the revo- 
lutions of the magnet depending upon the delicacy of the sustaining 
point, the strength of the magnet, and the power of the battery em- 
ployed. If it be desired to actuate a large magnet, it is necessary that 
an addition to the apparatus should be made, by providing a cup, affixed 
to the vertical screw, to contain mercury, by which contrivance, and 
by employing an additional battery, a current of Electricity can be 


Fig. 347. 
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passed from the top of the magnet to its equator ; and, as in the first 
mentioned case, an opposite current can be passed from its lower end 
to the equator, an additional force is obtained. The current from 
the second battery must, of course, be sent along the upper half of 
the magnet, in a direction contrary to that which passes through the 
lower pole ; but since the rotatory force is proportional to the power 
of the voltaic battery employed, it is probable that the second battery 
would be equally efficacious, if it were employed in increasing the 
strength of the first by being joined to it. The ends of the wires 
should be amalgamated, by rubbing them first with nitrate of mercury 
and then dipping them into the clean metal. 

(957) Fig. 348 represents an apparatus to exhibit the rotation of 
a conducting body round its own axis, and is exactly the converse of 
the last experiment. In the former case, the elec- Fig. 348. 
trie current was applied in the interior of the mag- 
net, but here means have been devised for procuring 
the action of the magnet, from the interior of the 
conducting body. In the place of the wire, there- 
fore, a hollow metallic cylinder is employed, in the 
axis of which the influencing magnet can be placed. 

Mr. Barlow devised this instrument, and the figure 
shows the arrangement on a horse-shoe magnet by 
Mr. Watkins. A horse-shoe magnet is supported 
vertically upon a stand, having holes formed in the 
centres of its ends. Two wooden circular troughs are secured by 
binding screws upon the arms of the magnet, to contain mercury. 
Into the holes in the centres of the ends of the magnet, two conical 
pointed wires are inserted, which are affixed in the middle of tw’o 
hemispherical cups, united to cylinders, the rims of which are formed 
into points, which are dipped into the mercury contained in the 
circular troughs. Upon the top of each hemisphere is placed a small 
platinum cup to contain mercury. Other cups for holding mercury 
are supported on the external ends of bent wires, which pass through 
the sides of the circular troughs into the mercury contained therein. 
When a stream of voltaic Electricity is passed through this apparatus 
by means of connecting wires, placed in the mercury contained in 
the upper and lower cup, the cylinders commence revolving in oppo- 
site directions, that cylinder on the N. pole, and down which the 
current is descending, moving from left to right; but if the two 
upi^er cups be united by a wire, and the lower cups connected 
with the positive and negative extremities of the voltaic battery, the 
same stream will traverse both sides of the apparatus, passing up- 
wards in one cylinder, and downwards in the other ; and the rotations 
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vrill now, from the contrary influences of the two poles, be in the 
same direction in both cylinders. 

(958) Earaday has shown, that the results in this last experi- 
ment, are the same when the magnet and conductor are united toge- 
ther; for on fixing a thin piece of wood on the upper end of a 
magnet, loaded at its lower extremity with a platinum weight, 
floating in a vessel of quicksilver, and attaching to the wood an arch 
of strong wire, the whole apparatus commenced revolving on the 
transmission of the electric current through it ; on the other hand, 
when a hollow cylinder of metal was balanced on a vertical axis of 
wood, and acted on by the poles of a magnet placed outside, the rota- 
tory force was very feeble. This affords us means of explaining the 
circumstances of the rotation of a magnet about its own axis, for 
the explanation of that experiment will very much depend on* the 
course which the current of Electricity is supposed to take in its 
passage through the magnet. If it be supposed to pass through the 
interior, along the axis' of the magnet, it would then occasion rota- 
tion by its influence on the parts of the magnet that are situated 
nearer the surface ; but if the course of tlvc current be sup])osed to 
be along the surface, it will itself be influenced by the polarity of 
those portions of the magnet which lie near the axis, and the rota- 
tory tendency impressed upon it will produce the rotation of the 
magnet, which will, of course, be carried along with it. This, it will 
be seen, corresponds with the rotation of a conducting body round 
its own axis, a magnet being in the centre ; and it has been shown 
above, that the circumstance of the magnet and conductor being 
immov viably joined makes no difference in the results. 

(950) Another fact is made apparent by this last experiment, 
which is, that the electro-magnetic influence of the conductor takes 
place equally when the electrical current is diffused over a consider- 
able surface, as when it is concentrated in a single wire ; in the 
cylinder, every filament of which it is composed may be supposed to 
conduct its share of the current, and thus contribute towards the 
general effect. 

(960) A magnetic needle is found to be influenced by the cur- 
rent of Electricity that is passing through the voltaic battery from 
its positive to its negative pole, as well as by the wire that completes 
the circuit, or in other words, every part of the circuit exhibits the 
same electro-magnetic properties; and as action always implies an 
equal and corresponding re-action, the magnet may be supposed to 
have a tendency to move the battery, equal to that which the T)attery 
has to move it. This tendency was first actually exhibited by a 
very ingenious contrivance of Ampere, and which Mr. Watkins 
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Has applied to each of the poles of a horse-shoe 
magnet, as shown in Fig. 349. It consists of 
a horse-shoe magnet, firmly fixed to a stand at 
its bent part ; its two ends being made round, 
and having a small hole in the centre of each, 
at the bottom of which hole, an agate cup is 
placed, in which pointed wires fixed to the 
parts presently to be described are made to 
revolve. A double cylindrical copper vessel, 
having a bent metal wire fixed to the top of 
its innermost cylinder, with a vertical wire 
pointed at both ends fixed in the middle of that bent wire, is hung 
upon the upper end of each pole of the magnet, the lower points of 
the vertical wires of each vessel entering the holes, formed as above 
described, in the magnet for that purpose. Two hollow cylinders of 
zinc, each furnished with similar bent wires, having holes made in the 
under sides of each, are then placed within the double copper vessels ; 
the holes in the bent wires being hung upon the uppermost pointed 
ends of the vertical wires before mentioned. Diluted acid being then 
poured into the space between the copper cylinders, the voltaic action 
coniiiicnces, and presents the plicnomena of the whole four cylinders 
revolving upon their axes, the copper vessels revolving in opposite 
and contrary directions, and the zinc cylinders turning in opposite 
directions to them : the rapidity of their revolutions depending upon 
the strength of the acid and the delicacy of their suspension * 

(961) Numerous amusing experiments have been devised for ex- 
hibiting the vibratory t(mdencies of electrified wires when under the 
influence of magnets. Fig. 350 represents 
an arrangement by Mr. Marsh. It con- 
sists of a slender w ire, suspended from a 
loop and capable of free motion ; its lower 
end is amalgamated, and dips into a small 
cistern of mercury ; the cups a and are 
filled also with mercury, and through them . 
the electrical current is passed dowm the 
loose wire ; no motion of this wire is per- 
ceptible until a horse-shoe magnet is placed 
in a horizontal position on the basis, with 
its poles enclosing the wire, when it is in- 
stantly urged either forwards towards c, or backwards towards J, 

* The zinc cylinders revolve with great rapidity, but from the superior weight 
of the copper cylinders when filled with the exciting liquor, it is rarely that a 
rapid rotation can be exhibited in them. 
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according to the position of the poles, and the direction of the cur- 
rent. In either case it is thrown out of the mercury, and the circuit 
being thus broken, the effect ceases, until the wire falls back again 
by its own weight into the mercury ; when the current being re-es- 
tablished, the same influence is again exerted, the phenomenon is 
repeated, and the wire exhibits a quick succession of vibratory 
motions. 

(962) This vibratory motion is easily converted into one of rota- 
tion by employing a spur w’heel, as in Pig. 351. The radii of the 

wheel must be so arranged that each 
ray shall touch the surface of the mer- 
cury before the preceding ray sliall 
have quitted it. The direction of the 
motion depends of course on the same 
circumstances as were before men- 
tioned. 

This forms a very brilliant experi- 
ment when a powerful battery and a 
strong magnet are employed. The 
wheel revolves with immense velocity, 
and streams of sparks of a green colour, arising from the combustion 
of the copper points of the radii of the wheel, are thrown sometimes 
over the cups of the instrument. 

Mr. Sturgeon found that the division of the wheel into rays was 
not necessary, and that if a circular metallic disc be substituted for 
the spur wheel, as shown in Pig. 352, it will revolve equally well. In 

all these experiments it is im- 
portant that the ends of the 
wires and surface of the metals 
whicKtouchthc mercury should 
be well amalgamated in order 
to ensure perfect contact. 

Ey altering the direction of 
the electrical current all the 
vibrations and rotations that 
^havc been just described are 

reversed^ 

(968) Magnetizing Properties of the Voltaic Current , — If the 
wire which connects the two extremities of a voltaic battery be 
plunged into fine iron filings, a considerable portion will be attracted 
and will remain attached to the wire as long as the current continues 
to circulate through it; on breaking the circuit, the filings will imme- 
diately drop off’. If small steel needles be laid across the wire, they 


Fig. 352. 
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will also be attracted, and on removing them they will be found to 
be permanently magnetized. The voltaic current is thus seen to 
possess the power of decomposing the natural Magnetism of magnetic 
bodies, in a manner precisely similar to magnets themselves. From 
what has been already said, it will appear evident that in order to 
give the current its full efficiency, it should be allowed to pass 
transversely round the iron or steel ; it should surround it in the form 
of a helix. Here again w^e Figs. 


find the polarity given to the 
needle to depend on the direc- 
tion of the turns of the helix. 
If it be a right-handed spiral 
(Fig. 353), the N. pole is 
always formed at the end at 
which the current enters, that 
is, on the positive side ; if it 
be a left-handed helix (Fig. 
351), the bar acquires at this 
end, a southern polarity. If 
the wire be twisted round the 
tube in such a manner as to 
form reverse contrary helices 
following one another, then 
the needle is magnetized with 
“ consecutive poles ” (807) 

at the junctions of the helices, 
each helix acting as if it were 
alone. If the helix be con- 




structed in such a manner that it turns alternately from the right to 


the left, the needle will not be found to have acquired any permanent 


polarity. The magnetizing power of the voltaic current is exerted 
instantaneously, the steel bars acquiring the utmost Magnetism they 


are capable of receiving the moment the circuit is completed. This 
instantaneous breaking down of the resistance offered by the coer- 
citive force of the bar is a phenomenon of a very remarkable character. 
We have in a previous chapt|iy (828) described the application of 
the helix to the magnetizing of large steel bars by Elias of ^Haarlem. 
This method has been compared by Frick {Annual Report of the 
Progress of Chemistry with that of the touch (819), an electro- 

magnet being used ; on the whole he prefers the latter. By 
employing, however, the band spiral (828) recommended by 
Bottger, a 6-lb. bar of very hard cast steel was magnetized to satu- 


X X 
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ration as completely as it could have been by any known process 
of communicating permanent Magnetism^ merely by passing the 
spiral once backwards and forwards along the bar. 

(964) Electro-Magnets . — When bars of soft iron are submitted 
to the influence of the voltaic current, they acquire a very high 
degree of Magnetism, but the coerdtive force, that is, the force in a 
magnetic substance which opposes the separation of the two magnetic 
fluids, and their recombination when separated, being, in iron, 
almost inappreciable, the Magnetism is only temporary, the bar 
returning nearly to its normal state the moment the current ceases 
to pass through the enveloping helix ; we say nearly to its normal 
state, because if the iron be not perfectly pure it always retains a 
certain amount of Magnetism. Fig. 356 shows the ordinary 
arrangement of the horse-shoe electro-magnet. The copper wire. 
Fig. 356. "Which for large bars should 

be very stout and well co- 
vered with silk, is wound a 
a great number of times 
round the two arms, so as 
to form two bobbins, A and 
B. It must turn in the 
sainc direction round each 
bobbin, in order that the 
two extremities of the bar 
should acquire opposite po- 
larities; the S. pole being 
formed on the side at which 
tiie current enters, and the 
N. pole on the opposite 
side. The power of the 
electro-magnet varies with 
the size of the iron cylinder, 
w ith the intensity of the current, and with the length and thickness 
of the copper wire. With regard to the thickness of the iron bar, 
the power of the electro-magnet to deflect a magnetic needle, has 
been found by Dub to be proportional to the square root of the 
diameter of the cylinder, and its lifting power in proportion to its 
simple diameter. Instead of coiling the wire round the bobbins in one 
continuous length, which is known to diminish considerably the 
influence of the current, it is better that the total length of wire 
intended to be used should be cut into several portions, each of which, 
covered with silk or cotton, should be coiled separately on the iron ; 
the ends of all the wires are then collected into two separate parcels, 
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and made to communicate with the battery, care being taken that 
the current shall pass along each wire in the same direction. A 
powerful bar electro-magnet was constructed some years ago under 
the direction of Mr. Faraday, for the magnetic observatory at Wool- 
wich. The helix was 27 inches long by inches internal diameter ; 
it had 4 coils of No. 7 copper wire covered with tape ; their lengths 
being 108 feet 10 inches, 120 feet, 129 feet 7 inches, and 143 feet ; 
in all 501 feet 5 inches ; and they w ere arranged with bars and clamps 
so as to admit of using one or more of the helices variously combined. 
The soft iron core w'as 28 inches long by 2J inches in diameter, and 
there were 2 other cores, each 12 i inches by 2f inches, for magne- 
tizing a steel bar placed in the coil between them. A horse-shoe 
electro-magnet of extraordinary power was constructed in the year 
1830, for the Faculty of Sciences, at Paris, by M. Pouillet. It con- 
sisted of tw'o horse-shoes, the ends of the branches of w'hich were 
presented to each other, the bands being turned in contrary directions. 
The superior horse-shoe 'was fixed in the frame of the apparatus, the 
inferior being attached to a cross piece which slided in vertical grooves 
formed in the sides of the frame. To this cross piece a platform was 
suspemded in which w eights w^ere placed, by the effect of wdiich the 
attraction which united the two horse-shoes w»as at length overcome. 
Each horse-shoe w as wT^pped with 10,000 feet of copper w ire, and 
they were so arranged that the poles of contrary names should be in 
contact. With a current of moderate intensity, this apparatus sup- 
ported a w^eight of many tons. 

(9(55) In Star y eon s Annals of l^leciricity, vol. vi., the three fol- 
lowing electro-magnets are described. The first is the (iontrivance of 
Mr. Kichard Roberts ; its peculiarity consists in the great extent of the 
area of the face, on the surface of wdiich a series of grooves are 
formed, into which the conducting w ire is coiled. The magnet is 
2iV inches thick, and inches square on its face, into which 
are planed (at equal distances from each other across its surface) 
4 grooves, inch deep, and nearly » of an inch broad. Into 
these grooves was coiled, three-fold deep, .a bundle of 36 copper 
wires (No. 18), wrapped with cotton tape, to prevent contact 
with the iron, the wires having no insulation from each other. The 
magnet, with the conducting Ivire, weighed 351bs. The armature 
was IJ inch thick, and the same size as the magnet on the face; its 
weight was 231bs. The upper side of the iron, which constituted 
the magnet, was formed into an eye or bow, by w Inch the whole was 
suspended ; and a similar bow was formed on the back of the arma- 
ture, to which the weight scale was attaclied. This electro-magnet, 

X X 2 
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when excited by a battery of 8 pairs of Sturgeon’s cast iron jars, 
is reported to have sustained the enormous weight of 2950 lbs. 
{Sturgeon^ s Annals, vol. vi. p. 168), which is nearly double the 
weight which the author’s large magnet, the weight of which is 
about 1121bs., will sustain with any battery that has been tried. 

The second is that of Mr. Joseph Radford. Its peculiarities con- 
sist in the convoluted figure of its face, and in the unusual arrange- 
ment of its poles, both of which are on the same convoluted strip of 
iron, one pole occupying the whole length on one edge, and the other 
the whole length of the opposite edge. Its diameter is 9 inches, and 
it weighs, with its copper coil, 18 lbs. 4 oz. The keeper, or armature, 
weighs 14 lbs. 4f oz. The depth of the convoluted groove, or recess, 
is Y of an inch, and i of an inch wide. The width or breadth of the 
metal between the grooves is g an inch ; the thickness of the magnet 
is 1 inch at the outside edge, and about i in the centre. When 
excited by a battery of 12 of Sturgeon’s jars, this electro-magnet 
is stated to have sustained 2500 lbs. avoirdupois ; it is, therefore, 
in proportion to its weight, much more powerful than Mr. Roberts’s 
magnet. 

The third electro-magnet alluded to (vol. vi. p. 281.) is that of Mr. 
J. P. Joule, and is shown in Pig. 357. R B Are two rings of brass, each 
Fig. 357. inches in exterior diameter, 2 inches in breadth, 

and 1 inch in thickness ; to each of these, 
pieces of iron are affixed, by means of the bolt- 
headed screw^s, s Sj &c.: 24 of these are grooved, 
and fastened to the upper ring ; 24 are plain, 
and affixed to the lower ring. A bundle, TV W, consisting of 1(5 
Fig. 358. copper wires (each of which was 16 feet long, and 
Y^th of an inch thick), covered with a double fold 
of thick cotton tape, w’as bent in a zig-zag direc- 
tion about the grooved pieces. Pig. 358 represents 
the method adopted for giving the electro-magnetic 
ring a firm and equable suspension : a a are hoops 
of wrought iron, to each of which 4 bars of the 
same metal are riveted, and wielded together at the 
other end into a very strong hook. The hoops are 
bound dowm to the brass rings by means of copper 
wires. The weight of the pieces of grooved iron 
w as 7*25 lbs., and that of the plain pieces 4*550 lbs ; 
and when excited by 16 pairs of the cast-iron 
battery, arranged into a series of 4, a weight of 2710 lbs. was 
suspended from the armature, without separating it from the electro- 
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magnet ; and Mr. Joule thinks, that by the use of some precautions, 
which have* occurred to him since making his first experiments, the 
actual power will be very considerably augmented. 

It has been mentioned that when very soft iron is employed 
in the construction of the electro-magnet, its Magnetism nearly dis- 
appears, when the voltaic current ceases to flow through the helix 
surrounding it. It was, however, discovered by the late Dr. Ritchie, 
that there are other circumstances which modify the retaining power ; 
the most remarkable of which is the length of the magnetic circuit. 
When the electro-magnet is very short, and the poles near each 
other, the retaining power is exceedingly small ; when the magnet 
is very long, the retaining power is very great, the reason of which 
appeared to Dr. Ritchie to be this (Z. & Phil. Mag. vol. iii. p. 123.) 
the molecules of the electric fluid, acting on each other with the same 
force, will obviously return to their natural position most rapidly 
when the length of the circuit through which the action takes place 
is diminished. If it be diminished till the coercitive force of the 
iron be overbalanced by the tendency of the molecules to return to 
tlieir natural state of equilibrium, from which they have been forced 
by the action of the conducting wire, the electro-magnet will lose 
all its retaining power. 

Another singular fact discovered by Dr. Ritchie was, that 
a short electro-magnet, though its lifting power be very considerable, 
is incapable of inducing permanent Magnetism on an unmag- 
netized horse-shoe of tempered steel; while an electro-magnet of 
4 feet ill length, though of no greater lifting power than the small 
one, is capable of inducing a very considerable permanent effect. It 
was likewise found by Dr. Ritchie that a bar electro-magnet, 4 
feet long, which scarcely retained any power when its connexion 
with the battery was broken, on being re-connected with it, in the 
same direction as before, W'as rapidly converted into a powerful mag- 
net ; but after being removed, and its wires now connected with the 
opposite poles, it required a long time to convert it into a magnet of 
much inferior power, as if the atoms of Electricity, having been first 
l)ut in motion in one direction, are afterwards more easily turned in 
that direction than in the contrary. 

(966) It was first noticed by Professor Page, of Philadelphia, 
{Silliman's Journal^ 1837), that during the act of sudden magnetiza- 
tion of a bar of iron, a peculiar sound is elicited. This phenomenon 
has since been studied by Marrian, Joule, Grove, Beatson, and other 
electricians. The sound is best observed by resting the end of a 
long iron bar, surrounded with a coil of covered copper wire, on a 
sounding board ; it thus becomes a musical note, and is distinctly 
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audible tbroughout a large room. It is heard both on mag- 
netizing and demagnetizing the iron, that is, on making and on 
breaking contact between the coil and the batterj ; but it is louder 
in the latter case than in the former. Bj suspending an iron bar so 
that it could vibrate freely, and circulating the voltaic current by a 
wire so as not to touch the bar, and breaking and renewing battery 
contact rapidly, Mr. Beatsoii elicited sounds as loud and distinct 
as those from a small bell ; he found, moreover, that similar though 
feeble tones were produced by passing an intermitting current from 
a set of 10 of Smee’s battery, through a brass wire of an inch 
in diameter, stretched across a sounding board, and from an iron wire 
simply suspended without any tension, with each end dipping into a 
mercury cup. Professor Page succeeded in producing the various 
notes in the scale by carefully suspending steel bars within a series of 
coils, and breaking the galvanic current at the rate of five or six 
thousand times per minute by a revolving apparatus placed in an 
adjoining room. These effects are caused by a molecular disturbance 
of the particles of the metal by the action of the galvanic current, 
as has been well shown by M. Wertheim (Conq^tes Jiendus, July 
22nd, 1844). It is strikingly illustrated by an experiment arranged 
by Mr. Grove, in which a glass tube, open at both ends, but 
protected along its length with a copper jacket, is filled with 
water, in which is suspended powdered magnetic oxide of iron. 
On looking through the tube at distant objects, a considerable 
portion of the light is intercepted by the heterogeneous arrange- 
ment of the particles of the oxide ; but on passing a current 
through a coil placed round the tube, these particles assume a 
symmetrical character, and much more light is transmitted. Mr. 
Beatson has shown {Elect, Mag. vol. ii, p. 295) that, at the moment 
the sound is produced, the metal undergoes a sudden expansion; 
in the case ^of an unannealed iron wire, amounting to about Wo-oth 
of an inch, and on interrupting the circuit a similar sudden con- 
traction takes place ; this expansion and contraction is independent 
of that produced by the heating power of the current, as was 
proved by the fact of its taking place after the current had developed 
the total expansion w^hich its heating powder was capable of producing. 
Mr. Beatson also succeeded in eliciting distinct intonations from 
an iron wire by means of the discharge of a Leyden Jar; and w’e 
have frequently successfully repeated the same experiment. 

(967) An ingenious piece of apparatus was invented by the late 
Dr. E-itchie for illustrating the induction of Magnetism on soft iron. 
It is shown in Fig. 359, where a bar of iron is represented covered 
with a helix of insulated copper wire and mounted horizontally on 
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a wire, the extremity of which is finely 
pointed, so as to allow the bar to rotate 
freely. The two ends of the helix are 
bent downwards so as just to dip into a 
small channel of mercury divided into two 
parts by a diaphragm of wood ; one end of 
the wire dips into each division of the 
trough, and a sufficient quantity of mercury is poured into the trough 
to fill it, w^ithout however allowing the two portions to become united ; 
the mercury in each division will be found to rise a little above the 
level of the partition by capillary repulsion. It will thus be imme- 
diately seen that on connecting the two cells of mercury with the 
two plates of a battery the current must pass through the helix 
enclosing the iron bar before the circuit can be completed, and that 
the iron will consequently become for the time magnetic. Now, sup- 
pose each end of the iron bar to be opposed to the pole of a powerful 
steel bar magnet, an opposite pole on each side, and suppose the 
connexions wuth the battery to be made so that the N. pole of the 
iron bar is formed opposite to the N. pole of the steel bar, then as a 
necessary consequence, tlie opposite end of the ^ ^ 

iron bar will be a south pole, and will bo opposed 
to the S. pole of the steel bar ; repulsion w'ill 
accordingly take place on each side, and the iron 
bar wull move through halt a revolution. Ifere 
the wires of the helix surrounding it pass over 
the wooden partition, and dipping into the oppo- 
site cells of mercury, the polarity of the bar 
becomes reversed and so on, the bar soon revolv- 
ing with great rapidity in consequence of its 
polarity being reversed twice during each revo- 
lution. Sometimes the bar is arranged to rotate 
vertically as shown in !Fig. (360.) 

(968) In all these pieces of apparatus the employment of mercury 

is essential. Messrs. Knight have, ho\veYer, devised a method of 
arranging tlie rotating magnet w’hercby the use of the fluid metal is 
dispensed with. A round plate of brass is divided by 2 small 
strips of ivory and the wires of the helix Pig 3 gl 

are terminated by 2 small metallic rollers 
which thus pass easily over the brass surface, 
contact being broken at the proper place by 
the ivory strips. Fig. 361 exhibits this useful 
modification of Bitchie’s rotating magnet. 

(969) In Fig. 362 a horse-shoe magnet is represented supported 




Fig. 359. 
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on a tripod stand with levelling screws, in which state it is well 
Fig. 362. adapted for exhibiting the rotation of 

a coils, wires, helices, <fec. A A is the 

magnet, JB the tripod stand, C C two 
circular w^ooden cisterns for holding 
mercury, and capable of being adjusted 
at any required height by binding 
screws, JE E arc two light wdre frames, 
E F two helices, H a Kitchie’s rotat- 
ing magnet ; on the tops of the wire 
frames and helices are small cups to 
contain a drop of mercury, G is apiece 
of brass wire bent twice at right angles 
and terminated at each end by a fine point to dip into the globules 
of mercury : it can be raised or depressed without disturbing the 
general arrangement of the apparatus, as a simple inspection of the 
figure will show. 

When the rotating magnet is set in action iu this apparatus a loud 
humming noise and sometimes a loud musical sound is excited by the 
rapid vibratory motion assumed by the fixed magnet during tlu^ rapid 
revolution of the electro-magnet. This musical sound is best observed 
wdien the levelling screws of the tripod an^ placed on a mahogany 
table in the middle of a large room. For the electro-magnet II a 
simple coil of wire may be substituted, the rotation of which will be 
exceedingly rapid, its faces becoming alternately attracted and repelled 
by the poles of the magnet. 

(0/0) In Stnrgeo7i*s Annals of Elcctricifij ^ vol. iii., p. 42G, will 
be found a description and engraving of an ingenious apparatus for 
exhibiting the simultaneous rotation in opposite directions of the 
permanent magnet and the electro-magnet. The current from the 
voltaic battery instead of going directly to the mercury flood in con- 
Jiexion with the electro-magnet, is made to enter two concentric 
troughs containing mercury, placed immediately under the former, 
communication between the upper and lower cups being established 
by means of wires; the electro and permanent magnet may thus be 
placed on one spindle, and the former being put in motion, it was 
found that the permanent magnet immediately commenced rotating 
in an opposite direction. This instrument was the contrivance of 
Mr. C. W. Collins. 

(971) Electro^JHagneiic Engines, — The prodigious force which 
electro-magnets manifest when excited even by a feeble current, and 
the power of annulling or reversing it in an instant, might seem to 
justify a hope of their affording a motive power as energetic and 
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more economical than the steam engine. An immense amount of 
inventive talent has been expended in attempts to realize this hope. 
These attempts have, however, shown (observes Dr. Robinson), that 
electro-magnetic engines can scarcely ever be a cheap or a very 
efficient source of power. Electricity is now known to have a definite 
mechanical equivalent. The zinc and acid required to produce it are 
more costly than the coal which wdll evolve isodynamic heat, and the 
hitherto contrived methods of converting Electro-magnetism into 
moving force, involve much more loss than the mechauism of the 
steam engine docs in respect of licat. It may be added that the 
great magnetic force exists only in contact ; on the least separation 
of the keeper it decreases rapidly, not merely because magnetic force 
follows the law of the inverse squares of the distance, but because 
that separation destroys in a very great degree the actual Magnetism 
of the magnet. Jt must, however, be kept in mind, that there are 
many cases, where economy and intensity are of less consequence 
than facility of application and convenieuee, in which therefore the 
eh^ctro-magnctic engines deserves a preference either for industrial 
purposes, and much more for the work of the experimental physicist, 
although its action may be more costly. In particular, the absence 
of all danger, and perfect quiescence wdien not put in action, and the 
capability of being moved to any locality where a couple of w'ires can 
b(‘ led from its battery, deserve special consideration. 

(072) A series of experiments on the application of Electro-mag- 
netism as a motive force, is described by Dumont {Comp, Mendus, 
August, 1851), and the following consequences deduced: — 

IS The electro-magnetic force, though it cannot yet be compared 
to the force of steam in the production of great power, either as it 
regards tlio absolute amount of power produced, or the expense, may 
nevertheless, in certain circumstances, be usefully and practically 
applied. 

2"^. While in the development of great power the electro-magnetic 
force is very inferior to that of steam, it becomes equal and even 
superior to it in the production of small forces, which may thus be 
subdivided, varied, and introduced into trades and occupations using 
but small capitals, w here the absolute amount of mechanical power is 
of less consequence than the facility of producing it instantaneously 
and at will. In this point of view the electro-magnetic force assists, 
as it were, the usefulness of steam in the place of uselessly competing 
with it. 

3^ Other things being proportional, electro-magnetic machines, 
with direct alternating movement, present a great superiority of the 
power developed, over rotating machines, since, in the first, there are 
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no components lost, and with the same expense a much more con- 
siderable power is obtained than with rotating machines. 

4® Jn machines of direct movement the influence of the currents 
of induction appears less considerable than in rotating machines. 

(973) To describe in detail all, or the most ingenious even, of the 
electro-magnetic engines that have been inyented during the last 
eighteen years would involve far too great an expenditure of time 
and space. We select a few that have been thought by their inven- 
tors worthy of being patented.* 

* For the convenience of those who feel inclined to see and examine the dc- 
.^criptions of the numerous electro-magnetic machines that have been proposed 
by different experimentalists, a list of references to the periodicals containing some 
of the principal ones, is subjoined. 

Sturgeon’s Flectro-inagiietic Engine for turning Machinery, “ Annals of Elec- 
tricity,” vol. i. p. 75. 

Jacobi’s valuable paper on the application of Electro-magnetism to the moving 
of machines, wdth a description of an Electro-magnetic Engine. “ Annals of 
Electricity,” vol. i. p. 408 — 410. 

Mr. Joule’s Elcctro-magiietic Engine. ** Annals of Electricity,” vol. ii. p. 122. 

Mr. I)avenj)ort’s Electro-magnetic Engine. “ Annals of Electricity,” vol. ii. 
p. 257. 

The Rev. F. Lockey’s Electro-magnetic Engine. Annals of Electricity,” vol, 
iii. p. 14, 

Dr. Page on Electro-magnetism as a moving power. “ Annals of Electricity," 
vol. iii. p. 554. 

Mr. Joule’s .second Engine. ‘‘Annals of Electricity,’* vol. iv. p. 203. 

Mr. Uriah Clarke’s Engine. “Annals of Electricity,” vol. v. p. 33. 

Mr. Thomas AVright’s Engine. “Annals of Electricity,” vol. v. j). 108. 

Mr. U. Clarke’s ' Jillectro-magnetic Locomotive Carriage. “ Annals of Elec- 
tricity,” vol. V. p. 304. 

Jacobi on the “ Principles of Electro-magnetical Machines.’' Heport of the 
Meeting of the British Association, Glasgow, September, 1840. “ Annals of Elec- 

tricity,” vol, vi. p. 152. (This is a most valuable peper, and is well deserving of 
attentive study.) 

Mr. Robert Davidson's Electro-mngnetic Ijocomotive. Engineers* Magazine, &c. 
Part 14, p. 48. 

Mr. Taylor’s Engine. Mechanics' Magazine, vol. xxxii. p. 694. 

Mr. Watkins’s Electro-motive Machine. Phil. Mag., vol. xii. p. 190. 

An Inquiry into the possibility and advantage of the' application of Electro- 
magnetism as a moving power, by the Rev. James William M‘Gauley. Report 
of the Proceedings of the British Association for the Advancement of Science, 
Dublin, 1835. 

“ Experiments and Observations on the Mechanical Powers of Electro-mag- 
netism : Steam and Hoi'ses* By the Rev. Dr. Scoresby. Phil. Mag., vol. xxviii. 
p. 448. 

Dr. Kemp’6 Patent for a new Method of obtaining Motive Power by means of 
Electro-magnetism. Repertory of Patent Inventions, Feb. 1852. 

Hansen’s Electro-magnetic Engraving Machine. Athenaeum, June 17, 1854. 

A new Electro-magnetic Engine, invented by M. Marie Davy. Oomptes 
Rendus, May 15, 1854 ; and Phil. Mag., vol. vii. 1854, 
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(974) In Silliman^s Journal, for April, 1837, there is a notice of 
a rotative engine, invented and patented by Mr. Thomas Davenport 
of Brandon in the county of Entland, and State of Vermont, 
United States. The following is a general outline of its construc- 
tion: The moving part is composed of 2 iron bars, placed hori- 
zontally, and crossing each other at right angles ; they are covered 
with insulated copper wire, and sustained by a vertical axis ; proper 
connexion with the voltaic battery being made in the usual manner. 
Two semicircles of strongly magnetized steel form an entire circle? 
interrupted only at the two opposite poles ; and within this circle, 
which lies horizontally, the galvanized iron cross moves in such a 
manner, that its iron segments revolve parallel, and very near to the 
magnetic circle, and in the same plane. Its axis, at its upper end, is 
fitted by a horizontal cog wheel to another and larger vertical wheel, 
to whose horizontal axis the weight is attached, and raised by the 
winding of a rope. By the galvanic connexion, these crosses, and 
their connected segments are magnetized, acquiring N . and S. polarity 
at their opposite ends ; and being thus subjected to the attracting 
and repelling force of the circular fixed magnets a rapid horizontal 
movement is produced, at the rate of GOO revolutions in a 
minute, when a large calorimotor is employed. The movement is 
instantly stopped by breaking the contact with the battery, and 
then reversed by simply interchanging the connexion of the wires of 
the ])attery with those of the machine, when it becomes equally rapid 
in the opposite direction. Another machine, composed entirely of 
electro-magnets, both in its fixed and revolving members, is also 
described. 

(975) In a subsequent number of the same Journal, it is stated 
that the proprietors had been engaged in experiments on magnets of 
different modifications, as well as on the proper distance between 
the magnetic poles of the circle ; that they had entirely altered the 
form and arrangement of the magnets, greatly increasing thereby 
the energy of the machine. The use of magnets in the form of 
segments of a circle, w^as discontinued, and horse-shoe formed 
magnets substituted ; the poles being changed once in every 3i inches 
of the circle. On this arrangement, a machine with a wheel 7 
inches in diameter, elevated 90 lbs. I foot per minute, and per- 
formed about 1200 revolutions in the same time. It is also stated 
that the proprietors were engaged in constructing a machine with a 
motive wheel of about 2i feet in diameter, from which, it was 
expected, that sufficient power to propel a Napier’s printing press 
(requiring a 2-horse power), would be obtained. 

(976) In 1838 Qaptain Taylor obtained a patent for an electro- 
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magnetic engine in the United States] and on November 2nd^l839, 
he patented the same engine in England. In the London Mechanics^ 
Magazine^ vol. xxxii. p. 694, there is a full description and drawing 
of this engine, a working model of which was for some time exhibiting 
in the Colisseum, in active operation, turning to the wonder and 
admiration of thousands, articles in wood, ivorj, and iron. Referring 
to the above periodical for a detailed description of this engine, w’e 
shall confine ourselves to the peculiar principle of its action, as 
explained by Mr. Taylor. “ The generality of the plans which have 
been hitherto devised for obtaining a working power from Electro- 
magnetism, have depended on taking advantage of the change of 
polarity^ of which masses of iron fitted as electro-magnets are 
susceptible, so as to cause tjiem alternately to attract and repel 
certain other electro-magnets, brought successively within the sphere 
of their influence, and thus to produce a continuous rotatory move- 
ment ; and the failure of these attempts is owing to the difficulty, if 
not impossibility, of accumulating power by such means. Instead of 
this, Mr. Taylor employs as his prime movers a series of electro- 
magnets, which are alternately and almost instantaneously magnetized 
and demagnetized, without any change of polarity whatever taking 
place, and certain other masses of iron or electro-magnets, are 
brought successively under the influence of the said prime movers 
when in a magnetized state, which latter are demagnetized as soon 
(or nearly so), and as often as their attractive power ceases to 
operate with advantage; or in other, and perhaps plainer words, his 
invention consists in letting on, or cutting ofl", a stream of the electric 
fluid in such alternate, quick, and regular succession, to and from a 
series of electro-magnets, that they act always attractively or 
I)ositively only, or with such a preponderance of positive attraction, 
as to exercise a uniform moving force upon any number of masses 
of iron or magnets, placed so as to be conveniently acted upon.” 
The powder of the machine constructed on this principle, which was 
exhibiting at the Colisseum, was small, certainly much below* that of 
a single man. Mr. Henley, however, afterwards constructed a very 
large engine on the same principle, which did some work, though at 
an enormous expense, the battery employed containing 13 cwt. of 
metal. 

(977) It appears from a letter in the Fhil. Mag,, (vol. xv. p. 250,) 
from Professor P. Forbes, of Aberdeen, and also from a communication 
from Mr. Robert Davidson to the Mechanics' Magazine, (vol. xxxii. p. 
63,) that the latter individual had anticipated Mr. Taylor in the 
principle of his machine, having in 1837 employed the electro- 
magnetic power in producing motion by simply suspending the 
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Magnetism without a change of the poles : “ so close,’* says Mr. 
Davidson, ‘‘is the resemblance between Mr. Taylors machine and 
one of mine, that, independently of the frame work, I belieye the 
chief differences are, first, that the circumference of Mr. Taylor’s 
revolving disc is composed of alternate parts of copper and ivory, 
while the circumference of mine is composed of alternate parts of 
copper and box-wood ; and second, that in Mr. Taylor’s machine the 
armatures appear to be sunk to about half their depth in the periphery 
of the wheel to which they are attached, wdiile in mine they are sunk 
their whole depth, so as to he flush with the cylindrical surface.” 

(978) In the J^ractical Mechanics^ and Engineers* Magazine for 
November, 1842, there is a full account and drawing of a large 
electro-magnetic locomotive constructed by Mr. Davidson, and tried 
on the Edinburgh and Glasgow Railway. The carriage is 16 
feet long and 6 feet broad, and weighs above 5 tons, including 
batteries, magnets, &c. The electro-magnets are not one solid piece 
of iron, nor are they rounded behind. Each of the side parts or 
arms is constructed of 4 plates of soft iron put together, so as to 
form as it were a box for the sake of lightness. The arms are 25 
inches long, and joined together behind by plates of iron. Their 
rectangular poles measure 8 by 5 inches, and at their nearest points 
are only about 4 indies asunder. The coils with which they are 
surrounded do not consist of a single copper wire, but of bundles of 
wire wrapped round with cloth to insure insulation. According to 
Mr. Davidson’s first arrangement, these magnets were placed so tliat 
their poles were nearly in contact with the revolving masses of iron 
in their transit ; but so prodigious was the mutual attraction that 
the means taken to retain the magnets and iron in their assigned 
position w ere insufticient. They required to be more firmly secured, 
and their distances had to be somewhat increased, which perhaps 
contributed very materially to the failure of the machine, which when 
put in motion on the rails travelled about 4 miles an hour only, thus 
exhibiting a powder less than that of a single man, who on a level 
railway could certainly move a carriage of this weight at as great a 
velocity. 

(979) In 1838, Professor Jacobi, of St. Petersburg, at the 
expense of an imperial commission, tried the grand experiment of 
propelling a boat by the agency of Electro-magnetism. The vessel 
was a ten-oared shallop, equipped with paddle wheels, to which 
rotatory motion was communicated by an electro-magnetic engine. 
The boat was 28 feet long and 7i feet in width, and drew 22 feet of 
water. In general there were 10 or 12 persons on board, and the 
voyage was continued (on the Neva), during entire days. The 
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difficulty of then managing the batteries, and the imperfect con- 
struction of the engine were sources of frequent interruption, and 
could not be well remedied on the spot. After these difficulties were 
in some degree removed, the professor gives as the result of his 
experiments, that a battery of 20 square feet of platinum will 
produce power equivalent to 1 horse : but he hoped to be able to 
obtain the same power with about half that amount of battery 
surface. The vessel went at the rate of four miles per hour, which is 
certainly more than was accomplished by the first little boat that was 
propelled by the power of steam. In 1839, Jacobi tried a second 
experiment in the same boat ; the machine, which was the same as 
that used on the previous occasion, and which occupied little space, 
was worked by a battery of 64 pairs of platinum plates, each having 
36 square inches of surface, and charged according to the plan of 
Grove with nitric and sulphuric acid. The boat, with a party of 12 
or 14 persons on board, went against the stream at the rate of 3 
miles an hour. 

(980) Professor Page, of America, who has greatly distinguished 
himself by his researches in this department of science, has invented 
an electro-magnetic engine, the fundamental principle of wliich is 
thus described {Silliman^s American Journal, Nov. 1850) : It is 

well known that when a helix of suitable power is connected with 
the poles of a battery in action, an iron bar within it w ill remain 
held up by the induced Magnetism, although the helix be placed in a 
vertical position ; and if the bar be partly drawn out of the helix by 
the hand, it goes back w ith a spring w hen the hand lets go its hold. 
This power — the action of the helix upon the metallic bar within it — 
is the power used in Page’s engine. The powder, when a single coil 
is used, has its points of greatest and weakest force, and in this con- 
dition is objectionable. But by making the coil to consist of a series 
of short independent helices, which are to be brought into action 
successively, the metallic rod is made to pass through the coil and 
back again, with great rapidity and with an equable motion. In all 
the engines hitherto used there is a loss of power at the instant of 
the change of current, owing to the production of a secondary cur- 
rent, moving in the opposite direction, and to this loss is owing the 
fact that these engines cannot be rendered available. Professor Page 
had in view the obviating of this difficulty when he commenced his 
investigations. He exhibited one of his engines of between 4 and 5 
horse-power at the Smithsonian Institute, the battery to operate 
which was contained within the space of 3 cubic feet. It was a reci- 
procating engine of 2-feet stroke, and the whole, including the battery, 
weighed about 1 ton. Page states that the consumption of 3 lbs. of 
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Einc a day would produce a 1 horse-power. Joule’s estimate is widely 
different; he calculates that in an electro-magnetic engine, constructed 
most favourably to prevent loss of power, the consumption of zinc 
per 24 hours to produce 1 horse-power is in a drove’s battery 45 lbs., 
and in a Daniell’s battery 75 lbs. 

(981) By an extended application of the force which attracts a 
mass of iron within an electro-magnetic helix, Hankel also attempted 
to produce a motive power ; his investigations established the impor- 
tant practical law that this force is as the square of the power of the 
current''" Fessel.has also described an engine constructed on the 
same principle {Bihliotheque TJniverselle de Geneva'), His model is 
formed of two helices placed end to end in a horizontal position. 
They serve to conduct the current always in the same direction, but 
in such a way that it traverses alternately each of the two helices, 
and consequently only one at a time. In the interior of the helices 
is a bar of iron which is alternately attracted from the one into the 
other by constantly maintaining the same polarity, and w'hich thus 
executes a motion backwards and forwards. To the two extremities 
of the bar are fixed two slender horizontal shanks of brass, which 
rest upon two pulleys attached to the two extremities of the appara- 
tus, and which thus support the whole weight of the iron. One of 
these shanks sets a wheel in motion ; a commutator is moved by an 
eccentric, by means of a directing rod which is placed so as to be 
able to make the machine move backwards and forwards as in steam 
vessels. In his later machines, Eessel has replaced the pulleys by 
oscillating shanks of metal rod, similar to the oscillating cylinders of 
steam engines. 

Fig. 363 represents Fig. 363. 

a small ^working 
model of an electro- 
magneto-motive en- 
gine constructed by 
Mr. Bain, with some 
few improvements by 
the publishers of this 
work. On to a stout 
mahogany board are 
fixed the brass up- 
rights E E; to these 
are attached the elec- 
tro-magnets A By 
covered with stout 
wire; through the upper part of these uprights, and above the 
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magnets, the two ends of the steel spindle c work ; this spindle 
carries about its centre an iron bit, which is alternately attracted by 
the two magnets A and but prevented from absolute contact by 
pieces of paper ; another spindle, m, at right angles with c, and sup- 
ported by the uprights, /i, carrying at one end the fly-wheel, and 
on the other a small pulley, is cranked in the centre and connected 
with c by the spring and hook At h are seen two brass springs 
bearing lightly on the spindle, which is divided in the middle by a 
small piece of ivory, so that one only is in contact at the same time. 
The connexions are formed thus : one termination of the electro- 
magnet, A, is connected to one of the upright springs bearing on the 
spindle, and the other termination to the binding screws seen at the 
end of the board. The one termination of the electro-magnet B is 
connected with the other spring, and the other extremity to the 
same binding screw to which one end of A was attached, the 
remaining binding screw being in connexion by means of a wire 
with the brass box in which m works. The working of this 
machine is greatl}^ assisted by two spiral springs fixed underneath 
the board attached to the moving bit. The whole arrangement 
performs extremely well, and no doubt if made on a large scale 
would be very pow^erful. 

(982) Mr. Henley gives the following descriptions of two electro- 
magnetic engines, constructed by him for Mr. Talbot and Professor 
Wheatstone: — 

“ Mr. Talbot’s engine consisted of G powerful horse-shoe electro- 
magnets, placed in a line with their poles upw ards ; to each magnet 
was adapted an armature, to which w'as affixed a jointed arm ; in the 
centre of the armature w’as a hole which was fitted tt) a 6-throw 
crank, the throw’s set at an angle of 60*^ with each other, the currents 
acting on the magnets in succession from 1 to 6.; at the time of 
breaking at 6 it commences again at 1 : contact is made when the 
armature is at a small distance from the magnet, and is continued 
till it reaches it ; at this moment contact is broken and made with 
the succeeding one ; the connecting rod playing through the hole in 
the armature allows ihe crank to pass dowm ; when it* remains 
stationary on the poles of the magnets ’a piece of paper prevents 
adhesion. There is a knob at the end of the connecting rod, by 
which it lifts the armature in one position, and is pulled in the other. 
In this machine the magnet acts when the crank is in the very best 
position, and were it not for the additional friction from the great 
number of rubbing parts, it would certainly be the best form of 
machine. On the shaft is mounted an A shaped frame, and at one 
end carries a heavy fly wheel, and at the other a contact-breaking 
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apparatus, which consists of a wheel and 6 levers, the points of 
which dip in mercury.*’* 

The original of Professor Wheatstone’s machine consists of a 
brass ring, within which are placed 8 magnets ; an eccentric wheel 
revolves within, the longest radius of which passes close to each 
magnet successively, following the current as it were, which acts on 
each magnet a little in advance of the wheel ; tiie break piece, which 
is stationary, is made of a piece of ivory, into which are let 8 pieces 
of brass ; the shaft which passes through this without touching, 
carries a spring which presses on the break piece. The shaft and 
frame work is in connexion with one pole of the battery, one end of 
the coil on each magnet, and the other end of each with its corre- 
sponding piece of brass ; the shaft also carries a fly-wheel and pulley 
to transfer the power. If there were a hundred magnets, of course 
the same battery would be sufiicient, as they only act one at a time. 

Mr. Henley has also constructed a machine which works a lathe, 
it is made wdth 3 horse-shoe magnets, with their poles upwards, 
the bent parts crossing each other ; a bolt passes through them and 
holds them firmly to a base : within the poles revolves a soft iron 
cross ; one magnet acts at a time, but the cross is attracted con- 
tinually. The cross is suspended by 4 stout brass columns*. At 
first there were but 2, it was found necessary, however, to add 2 
more to resist the strain of the magnets, as the poles are curved, and 
the cross passes very close : there is a piece of apparatus to stop it 
immediately — it is a lever, which makes contact with one of the 
magnets independent of the break piece. 

(983) Electro-motive power has been applied very successfully 
by M. Gustave Eroment of Paris, who has obtained so high a celebrity 
for the construction of accurate mathematical and astronomical 
instruments. We had prepared a description of one of the large one- 
horse-power machines of this ingenious mechanician from the 
‘‘ Elements de Physique ” of M. Pouillet ; but having since been 
informed by the inventor that the description is inaccurate, and 
moreover that he had been obliged to abandofa the use of the machine 
for giving motion to his lathes and planing machines, on account of 


* This engine was 3 feet 6 inches long, and 2 feet 6 inches wide, but its power 
was not equal to the expectations that were formed of it ; when excited*by a 
Grove’s battery, consisting of 4 cells with double plates of zinc 9 inches by 64, 
platinum plates 9 inches by 54, excited by diluted sulphuric acid 1 to 4, and con- 
centrated nitric acid, Mr. Henley drove with it a lathe in which he turned a gun- 
metal pulley 5 inches in diameter, but in three quarters of an hour the batteiy was 
quite exhausted. This machine, it will be observed, was something more than a 
model. 


T Y 
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the great expense of the battery, "which amounted to 20 
francs per day, we have not thought it worth while to have fresh 
drawings made of the machine. M. Froment states, however, that for 
delicate work, such as for giving motion to dividing instruments, 
polishing apparatus, Ac., he finds electro-magnetic power very 
valuable as a mechanical agent, and constantly employs it in his 
workshop. ^ 

(984) Hear dor's Magnetometer , — This simple but useful apparatus 
designed by its author for ascertaining the conditions which modify 
the development of Magnetism in iron by the action of electrical 
currents, is shown in Fig. 364. 


Fi^. 3G4. 



A B is a strong base of wood, about 4 feet long and 1 foot wide, 
to which are attached 4 levelling screws. D D are two strong iron 
uprights, firmly screwed into the base, and connected at the top by a 
stout iron cross piece E, having a hole in the centre through which 
passes the screwed tail F, of a strong double suspension hook Q-. 
Two iron nuts, H H, serve to fix the suspension hook at any height. 
Ilka light and delicate, but strong steel }"ard, being graduated on 
one side to correspond with the distance between the knife edges K 
and M ; these are respectively 1 and 2 inches apart. Difierent weights, 
from 1 oz. to 16 lbs., are applied on the long arm, according to the power 
to be measured. N is a rest to support the long arm of the lever, and 
is capable of being adjusted to any height by a tightening screw in 
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the hollow socket O. P is another suspension hook, upon which is 
hung the connecting piece Q ; which, by means of the long screw B., 
and swivel hook S, will admit of elongation or contraction without 
altering the parallelism of the keeper T, of the magnet U U. The 
magnet is secured to the stand by a lever, whidi passes through a hole 
in the fork, and through two iron plates, one above and the other 
below the stand, the whole being tightened by a screw nut from 
below. V y are two projecting studs, which serve to support the 
cylindrical counterpoise w^eights W (seen in another part of the 
figure) w^hich are made of lead cast with a hole in the centre, to allow 
of their being placed on, over the connecting piece Q, these weights 
are adjusted so as to exactly balance the long arm of the lever. A 
variety of magnets, differing in their shape and relative proportions, 
may bo used in the place of N N : an extremely useful arrangement 
is represented in the figure. U U is a wire rope composed of 24 
strands of No. 16 copper wire, each 12 feet long. 

These are all previously covered w’ith cotton and thickly varnished 
wdth sealing wax, so as to render them perfectly independent of each 
other. They are then twisted together into a rope, by which means 
every strand bears the same relative position on the magnet. The 
wdiole rope is again covered with tape and varnished. It is then 
coiled upon the magnet, as represented in the figure, the ends being 
left loose, and numbered by attaching tickets to them. The value of 
this arrangement will be seen by taking the tw o extremes of w^hich 
it is susceptible. First, all the similar ends may be united in one by 
a binding screw at each end, thus forming one stout conductor, 12 
feet long and 24 strands thick ; or they may be united at dissimilar 
ends, so as to form one continuous length of 288 feet. A great 
variety of intermediate lengths and thicknesses can of course be 
formed, or the whole may be divided into independent conductors, 
carrying separate currents, either coincident or reverse. This 
arrangement will be found well adapted to determine the l§ws which 
govern a great variety^ of phenomena. For example, let it be required 
to ascertain the rate at which the magnetic development in iron 
proceeds, with knowm additions of exciting power. A small battery 
is attached to each wire, and the effect of each separately noted. 
The batteries are then added one after the other, and the difference 
between the actual and calculated effects can be thus ascertained. 
Again, the best mode of arranging wire upon a magnet, so as to 
obtain the greatest amount of pow er with a given quantity of wire 
and a battery of given dimensions, may be ascertained by taking any 
number of strands and uniting them in different lengths and 
thicknesses. The law of the resistance of wires and its relation to 

TT 2 



686 


MAGKETO-ELECTBICITT. 


electro-motive force may be investigated under a great variety of 
conditions, and the relative value of different voltaic arrangements 
for electro-magnetic purposes may be correctly examined. The 
practical magiietist will perceive a great variety of applications, of 
which the instrument is susceptible, in addition to those already 
mentioned. 

(985) The following experiments with this instrument, having for 
their object to ascertain the rate of magnetic development in iron, by 
successsive additions of exciting elements of known power, applied 
through separate and independent coils, have been communicated by 
Mr. Hearder. * The 24 stranda of wire upon the electro-magnet were 
separately tested by the same battery, and each was found to produce 
the same lifting power; 24 Smee’s batteries were employed in 
separate cells, each having a platinized silver plate of 4 inches 
square, and 2 amalgamated zinc plates to correspond. The 
magnetizing power of each battery was first ascertained, and its 
value noted in lbs. Each battery had a single wire of the electro 
magnet appropriated to it, independently of the rest, and in each 
case the electro-motive force of the battery was less than the resis- 
tance of the wire, or, in other words, eacli battery excited more 
Electricity than the wire w'ould carry. The batteries were 
numbered, and superadded in succession each to its own wire. The 
1st column in the following table gives the distinctive number of the 
battery wire. The 2nd, the distinctive number of the battery. The 
3rd, shows the value or exciting power in lbs. of each battery. The 
4th, the calculated sum of the elements employed; and the 5th 
show’s the actual effect upon the electro magnet : 

Table I. 

Showing the rate of magnetic development in iron, by successive 
know% increments of exciting voltaic pow’er, applied through 
separate and independent coils. 


No. of wire. 

No. of battery. 

Value of 
battery. 

Calculated sum 
of the elemeuts 
employed. 

Total weight 
sustained. 

1 

1 

14J 

14J 

14i 

2 

2 

181 

321 

42§ 

3 

3 

171 

60 

70J 

4 

4 

13i 

631 

94 

5 

5 

161 

791 

1111 

6 

6 

16 

941 

125 

7 

7 

141 

1081 

142 
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No. of wire. 

No. of battery. 

Value of 
battery. 

outu 

ot the elements 
employed. 

Total weight 
sustained. 

8 

B 

18i 

1271 

155 

9 

9 

m 

144^ 

169 

10 

10 

13| 

158i 

174 

11 

11 

15f 

I74i 

186 

12 

12 


189i 

195 

13 

13 


203J 

207 

14 

14 

18} 

222 

218 

15 

15 

17} 

239i 

229 

16 

16 

13} , 

252i 

236 

17 

17 

15} 

2681 

238J 

18 

18 

15 

283,^ 

244i- 

19 

19 

14} 

298 

252 

20 

20 

18} 

316i 

2561 

21 

21 

17} 

333^^ 

260 

22 

22 

13} 

346i 

264 

23 

23 

15} 

262 J 

267 

24 

24 

15 

-.10* 

00 

271 


(986) By this table it appears that, up to a certain point, the in- 
crease of magnetic power goes on more rapidly than is equivalent to 
the value of the additional exciting element. Up to 7 elements there 
fippearsan average excess of about 31 lbs., but the proportioii which this 
excess bears to the sum of the elements, appears to diminish rapidly 
after this point ; and when about 12 or 13 are used, the excess almost 
disappears, and the total weight sustained is nearly equivalent to the 
united power of the batteries employed. After this point the pro- 
duction of power bears a decreasing ratio to the power employed, 
and this diminution of effect becomes more and more considerable 
towards the end, so that the last 5 elements scarcely produce an 
increase of effect equivalent to the value of one. Hence, it would 
appear, that a limit would somewhere be found to the susceptibility 
of iron to undergo magnetic induction. As the addition of each 
battery was in effect a mere extension of surface, the intensity of 
battery being the same, and as each wire presented the same re- 
sistance, an experiment was afterwards made with 12 voltaic elements, 
separately applied to 12 wires, and after ascertaining the amount of 
weight sustained, the 12 silver plates were united by one common 
conductor on one side, and the 12 zinc plates on the other, so as to 
make a single pair of twelve times the area, the wires of the electro- 
magnet still remaining attached, hut no alteration of effect teas ob- 
served. Some results analogous to the preceding were obtained from 
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the following experiments, in which the increase of surface was effected 
by immersing a single pair of larger size in acid, by successive 
equal portions, and connecting an extra wire with it for each 
successive portion immersed : the results are given in the following 
table : — 


Table II. 


Showing the rate of magnetic development in wire, by successive 
and equal additions to the surface of the voltaic element, and 
corresponding additions to the capacity of the transmitting coil. 


No. of wire. 

Inches 

immersed. 

Value. 

Calculated sum 
' of the elcmoiits 
employed. 

Total weight 

1 

1 

11 

11 

11 

2 

2 

11 

22 

25 Sr 

3 

3 

11 

33 

40 

4 

4 

11 

44 

53 

5 

5 

11 

55 

66 

6 

6 

11 

66 

80 


This table shews the same kind of difference between the increas- 
ing ratio of the resulting magnetic power, and that of the sum of the 
elements employed, estimated according to their individual value. 

(987) Application of the Magnetometer to estimate the H^lectro-motive 
Character of different Voltaic Arrangements . — Three voltaic elements 
w^ere constructed as nearly as possible alike in size and surface. 
Ist. A Grove’s nitric acid battery, consisting of a platinum plate, 
4 inches square, immersed in a suitable flat diaphragm, externally 
to which were a pair of corresponding zinc plates. 2nd. A Daniell’s 
sulphate of copper battery, having a copper plate of 4 inches square, 
and a diaphragm and zinc plates similar to the 1st. 3rd. A Smee’s 
battery ot similar dimensions, but having its .vane plates equidistant 
with those of the other batteries, in order to place each arrangement 
under the same conditions, with the exception of the omission of the 
unnecessary diaphragm. 4th. A Smee’s battery, with the zinc plates 
at the ordinary distance from the silver. These batteries were first 
tested as to the relative quantities of Electricity excited by each, by 
employing a short helix of large dimensions, consequently opposing 
little or no resistance, the wires being united so as to form a helix 
12 feet long, and 24 wires in thickness. Secondly, they were tested 
for intensity, by uniting the wires end to end, so as to form a single 
wire of 288 feet in length, thus opposing great resistance. The 
results are given in the following table : — 
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Table, showing the comparative power of Grove’s, Darnell’s, and 
Smee’s batteries, in relation to quantity and intensity. 


lETEIfSITT. QUANTITY. 


Grove .... 

87 

Grove , , . . 

44 

Daniell .... 

43i 

Daniell . . . . 

12 

Smee, No. 1, open . 

27i 

Smee, No. 1, open 

42 

Smee, approximated plates 

32 

Smee, approximated plates . 

49 


Thus, it appears, that nearly equal quantities of Electricity are 
excited by equal surfaces of Grove’s and Smee’s batteries, but that 
the electro-motive force or intensify of the nitric acid battery is 
rather more than three times that ofEmee’s. Daniell’s arrangement 
holds an intermediate position with regard* to intensity, but is de- 
ficient in quantity. 
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CHAPTEE XIX. 

MAaNETOELECTEICITT. 

Electro-dynamic and Magneto-electric induction — Terrestrial Magneto-electric 
induction — Faraday’s F-esearches~The Magneto-electric machine — Secondary 
currents — Electro-magnetic coil machines — The induction coils of Ruhmkorff 
and Hoarder. 

(988) Electro-dynamic and Magyieto-electric Induction. — When a 
current of Electricity from a single voltaic pair is sent through a 
metallic wire, it induces a current of Electricity in a second wire 
forming a complete circuit ‘and placed parallel to it, both at the 
moment when contact with the battery is made and when it is 
broken ; but while the Electricity continues to flow through the first 
wire, no inductive effect on the second wire can be perceived. The 
direction of the induced current on breaking battery-contact is the 
reverse of that on making contact. In the former case it is in the 
same direction, and in the latter in tlie reverse of that of the inducing 
current. By arranging a length of about 200 feet of copper wire in 
a coil round a block of wood, and a second similar coil, as a spiral, 
between the coils of the first — metallic contact being everywhere pre- 
vented by twine — by connecting the ends of the second coil with a 
small helix formed round a glass tube in which was placed a common 
sewing needle, and then causing a current of Electricity from a vol- 
taic battery to pass through the first coil, Earaday proved that tlie 
needle became a magnet^ provided it was removed from the helix 
before battery contact was broken ; if, however, it was allowed to 
remain, its Magnetism was entirely or very nearly destroyed. If the 
needle was introduced into the helix after battery contact had been 
made in the first coil, it acquired no magnetic properties unless it 
was allowed to remain till battery contact was broken, it then became 
a magnet, though with its poles in a contrary direction from the first, 
thus proving that it is only at the moment of making and breaking 
battery contact that a current of Electricity is induced in the second 
coil, and that the direction of the induced current is opposite in the 
two cases. 

(989) If, instead of coiling the wires round a block of wood, they 
are arranged round a ring of iron as shown in Eig. 365, where A and 
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B represent the compound helices, being 
separated by about 4 an inch of un- 
covered iron, a current of Electricity from 
the battery sent through one helix A, in- 
duces a current in the second helix B, 
much more powerful than when the ar- 
rangement is made round wood, but only 
on making and breaking contact as before ; if the battery be large, a 
minute s^arJc may be perceived between charcoal points fastened to 
the ends of B, at the moment of making, and sometimes, though not 
often, on breaking contact with the battery, but never while a con- 
tinuous current is passing through 

(990) To prove that the increased inductive power is occasioned 
by the iron and is not a common effect of metals, an arrangement of 
helices of copper wire may be wound round a hollow cylinder of 
thin wood or pasteboard, and the power of the induced current 
tested first with the helices alone ; then, after inserting a bar of 
copper, lead, tin, or any other metal except iron, and perhaps nickel, 
in the axis of tlic cylinder, no effect beyond that of the helices alone 
will be found to be produced ; but when a bar of soft iron is inserted, 
the power of the induced current will be found to be surprisingly 
increased. 

(991) By the following beautiful experiment {Ex. Resear., 36, 
37), tlie property of ordinary magnets to induce electrical currents 
without the intervention of any galvanic arrangement, is clearly 
demonstrated. A long compound helix wound round a cylinder of 
pasteboard was connected with a galvanometer by two copper wires, 
each 5 feet in length ; a soft iron bar was introduced into its axis ; a 
couple of bar-magnets, each 24 inches long, were arranged with their 
opposite poles at one end in contact, so as to resemble a horse-shoe 
magnet, and then contact made between the other poles and the ends 
of the iron cylinder so as to convert it into a magnet, as shown in 
Eig. 366. By breaking the magnetic contacts, or reversing them, 
the Magnetism of the iron cylinder could* be destroyed or reversed 
at pleasure. Upon making magnetic contact, the needle was deflected; 
continuing the contact, the needle became indifferent and resumed 
its first position ; on breaking contact it was again deflected, but in 
the opposite direction ; and then it again became indifferent ; when 


Fig. 366. 



the magnetic contacts were reversed, the deflections were reversed. 


Fig. 365. 
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IiL order to prove that the induced electrical current was not occa- 
sioned by any peculiar effect taking place during the formation of the 
magnet, Faraday made another experiment in which soft iron was 
rejected, and nothing but a permanent steel magnet employed. The 
ends of the compound helices being connected with the galvano- 
meter, either pole of a cylindrical magnet was thrust into the axis, 
as shown in Fig. 367, the needle of the Fig. 867. 

galvanometer was immediately deflected, but 
soon resumed its first i^osition; on with- 
drawing the magnet a second disturbance 
of the needle took place, but in an opposite 
direction. 

(992) When a powerful magnet is employed, induced electrical 
currents are evinced by the galvanometer, when the helix with its 
iron cylinder is brought near, but without touching the magnetic 
poles ; and by experimenting with the large compound magnet 
belonging to the Eoyal Society,* Faraday was able to throw the 
needle of the galvanometer 80° or 90° from its natural position by 
placing the copper helix without the iron cylinder between the poles ; 
and by using an armed loadstone capable of lifting about 30 
pounds, he succeeded in powerfully convulsing the limbs of a frog by 
the induced electrical current. 

(993) Terrestrial Magneto-electric Induction, — When a soft iron 
bar is held in the direction of the magnetic meridian, and inclined in 
the position of^ the dip of the needle, it becomes a temporary 
magnet, the lower end acquiring the properties of the N. pole ; if 
the bar be inverted, its polarity is at the same time changed. Faraday 
took a soft iron cylinder, and having carefully deprived it of all traces 
of Magnetism by heat, he placed it in the Jlxis of a coil of wire, the 
ends of which were connected with a galvanometer by wires eight 
feet long. The coil was held in the line of the dip, and then 
suddenly inverted ; the needle of the galvanometer was immediately 
defiected, proving that a current of Electricity was evolved by means 
of the Magnetism of the globe ; he afterwards succeeded in obtaining 
indications of fllectricity without the iron cylinder; and by causing a 
circular plate of copper to rotate in a horizontal plane, electric pheno- 
mena were produced without any other magnet than the earth : when 
the plate was revolved in the same direction as the hands of a watch 

* This magnet is composed of about 450 bar magnets, each 15 inches long, 
1 inch wide, and \ an inch thick, arranged in a box so as to present at one of its 
extremities two external poles. It requires a force of nearly 100 pounds to 
break the contact of an iron cylinder | of an inch in diameter and 12 inches 
long, put across the poles. It formerly belonged to Dr. Gowin Knight. 
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move, the current of Electricity was from the centre to the circum- 
ference ; when in the contrary direction, the current was from the 
circumference to ihe centre. 

(994) A new electrical machine was thus formed, differing re- 
markably from the common machine in the circumstance of the plate 
being a most perfect conductor, and in the absolute necessity of a 
good conducting communication with the earth. When the plate 
was revolved in the magnetic meridian no electrical effects were 
developed, and they became most powerful when the angle formed by 
the plane of the plate with the dip w^as 90°. It was likewise shown 
by Faraday that a current of Electricity is produced in a wire by 
merely moving it from right to left, or from left to right, over a 
galvanometer, and he states it to be a remarkable consequence of the 
universality of the magnetic influence of the earth, that scarcely any 
piece of metal can he moved in contact with others, cither at rest or 
in motion with different velocities or in varying directions, without 
an electric current existing wdthin them ; further researches likewise 
proved tliat the current produced by the magneto-electric induction 
in bodies, is exactly proportional to, and altogether dependent upon 
their conducting pow’er. 

(995) By the aid of the diagram, Fig. 368, the relation between 
volta-electric and magneto-clectric induction may easily be under- 
stood. Suppose an electrical current to be passing through the 
middle wire from P to N, this wire is surrounded at every part by 
magnetic curves, diminishing in intensity according to their distance 
from the wdre, and which in idea may be likened to rings situated in 
planes perpendicular to the w ire, or rather to the electric current 
wdthin it. The dotted rings may represent the magnetic curves 
round the wire N P, and if small magnetic needles be placed as 
tangents to it, they wdll become arranged as in the figure. But if 
instead of causing the needles to be influenced by an electric current, 

Fig. 368. 



they are acted on by magnets, then in order that they shall take up 
the same position as before, the magnets must be placed as shown in 
the figure, the marked and unmarked poles a h above the wire being 
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in opposite directions to those a V below it ; in such a position, 
therefore, the magnetic curves between the poles a h and d V have 
the same general direction with the corresponding parts of the ring 
magnetic curve surrounding the wure N P carrying the electric 
current. * Now if a second wire jp w be brought near the wire carrying 
the electric current, it will cut an infinity of magnetic curves in the 
same manner as it would the magnet curves if passed from above 
downwards between the poles, and the electric current induced in the 
wire will obviously be the same in both cases ; if the wire p ' d be 
carried up from below, it will pass in the opposite direction between 
the magnetic poles, but then the magnetic poles themselves are 
reversed, consequently the induced current is in the same direction 
as before ; it is also for equally evident reasons in the same direction, 
if produced by the influence of the curves dependent on the wire. 

(996) JElectHc from a Magnet , — Faraday first obtained a 

spark from a temporary or electro-magnet in November, 1881 ; but 
the first person who obtained the spark from a natural or permanent 
magnet in this country, w'as Professor Forbes of Edinburgh ; the 
experiment was made on the 13th of April, 1832, with a powerful 
natural magnet capable of supporting 170 lbs., presented to the 
University of Edinburgh, by Dr. Hope.* The arrangement of the 
apparatus is shown in Fig. 369. A is the magnet ; a h sx cylindrical 

collector of soft iron 
passing through the 
axis of the helix 
c, and connecting 
the poles of the 
magnet ; accuracy 
of contact was found 
to be of considerable 
importance in the 
success of the ex- 
periment, and one 
side of the cylinder was carefully formed to a curve of about 2 
inches radius for this purpose. Great advantage was found from 
a mechanical guide — not represented in the figure — to enable an 
assistant to bring up the connector rapidly and accurately to the 
magnet in the dark. The helix c, consisted of about 150 feet of 


Fig. 369. 



* The first spark was obtained by Professor Forbes on the 30th of March. It 
appears that the first docTiment giving an account of the excitation of a spark 
from a permanent magnet, is by Signor Nobili and another dated from the 
Museum at Florence, January, 1832. 
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copper wire, nearly of an inch in diameter, 7J inches long, 
and containing 4 layers in thickness, which were carefully 
separated by insulating partitions of cloth and sealing-wax. 
Tli^ one termination d e oi the wire passed into the bottom 
of a glass tube h, half filled with mercury, in which the wire 
terminated, and the purity of the mercurial surface was found to be of 
great consequence. The other extremity f, of the helical wire com- 
municated by means of the cup of mercury i, wdth the iron wire g, the 
fine point of which may be brought by the hand into contact with 
the surface of the mercury in and separated from it at the instant 
when the contact of the connector a h, with the poles of the magnet 
is eftected. The spark is produced in the tube 7^. 

The success of the experiment obviously depended on the syn- 
chronism of the production of the momentary current by connecting 
the magnetic poles, and the interruption of the galvanic circuit at the 
surface of the mercury ; with a little practice, Mr. Forbes was able 
to produce for many times in succession at least two sparks of a fine 
green colour fiom every three successive contacts. 

(997) The magnetic spark may be produced with great ease and 
certainty, and with a magnet of moderate strength by employing the 
little arrangement shown in Fig. 370. It consists merely of a 
cylinder of soft iron, round the centre of which is wound a few feet 
of small insulated copper wire ; to one end of Pig, 370 . 
this wdre is soldered a small disc of copper 
which is well amalgamated, the other end is 
bent up, the point cleaned- and amalgamated, 
and brought into contact with the disc. On 
laying this cylinder across the poles of the 
magnet, and then suddenly breaking contact, 
the point and the disc become separated at the 
same time, and the spark appears. Another excellent method of 
showing the spark from a single pole, and which is well adapted for 
the lecture table, is to mount a strong bar magnet (about 2 feet 
long) horizontally on a stand, to wind 18 or 20 feet of wire, 
the ends of w^hich are prepared, as in the last aiTangement, round 
a piece of wood, through which a hole is cut large enough to allow 
the end of the magnetic bar to work freely ; rapid horizontal motion 
is then given to the coil by means of a multiplying wheel, and con- 
tact between 'the point and disc is broken by the end of the bar 
striking a small piece of wood loosely placed at one end of the aper- 
ture in the wood, through which one end of the copper coil passes. 
A series of sparks which, if the magnet is powerful, are very brilliant, 
appear with such rapidity as to keep up a constant light. 
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Fig. 371. 


(998) In the fourth volume of the London and Edinburgh Philo^ 
sophical Magazine^ page 104, a very simple method of detonating a 
mixture of oxygen and hydrogen gases by the magneto-electric spark 
was described by the late Dr. Ritchie. It forms an excellent class 
experiment. Round the soft iron lifter of a horse-shoe magnet 
capable of carrying fifteen or twenty pounds, 10 or 12 feet of 
insulated copper wire are wound. To the ends of the coil 2 thick 
copper wires are to be soldered in order to form a complete metallic 
circuit when the lifter is in contact with the poles of the magnet. 
The magnet is mounted, poles upwards, on a wooden stand, having a 
pillar with an arm or lever passing through a mortice in the top of 
it, for the purpose of removing, by a sudden jerk, the lifter from the 
poles of the magnet. In front of the magnet a glass tube is fixed, 
having its top closed by a cap of box- wood, through which the copper 
wires soldered to the extremities of the coil pass, as near air-tight as 

possible, into the glass 
tube ; the end of one 
wire being flattened, is 
bent at riglit angles 
and well amalgamated. 
The other, which is 
straight, can be brought 
down or removed from 
it by means of the 
lever. The whole ar- 
rangement will be 
readily understood by 
a simple inspection of 
Fig. 371. The mixed 
gases are introduced 
into the tube Q by 
means of a bent or flexible tube. On giving the lever E a smart 
blow with the palm of the hand, the iron lifter A B is suddenly 
removed from the poles of the magnet, a current of Electricity is 
induced in the coil, contact between the wires in the tube G is 
broken, a spark appears, and the gases are immediately exploded. 

(990) The Magneto-electrical Machine, — The first magneto-electric 
machine — that is, an instrument by which a continuous and rapid 
succession of sparks could be obtained from a permanent magnet — 
was invented by M. Hipolyte Pixii, of Paris, and was first made 
public at the meeting of the Acad6mie des Sciences, on Sept. 3rd, 
1832. A description of this invention will be found in the Annales 
des Qhimie, for July, 1832, and a representation of it in BecquereTs 
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‘‘ Traite de TElectricitcV* vol. iii. With this machine, furnished with a 
coil about 3,000feet in length, sparks and strong shocks were obtained; 
a gold leaf electrometer was made to diverge, a Leyden jar was 
weakly charged, and water was decomposed. 

(1000) At the meeting of the British Association at Cambridge, 
in June, 1833, Mr. Saxton exhibited his improvement on Pixii’s 
machine, and in the August of the same year, a large instrument on 
the new construction was placed in the Gallery of Practical Science, 
in Adelaide Street. With this machine were exhibited the ignition 
and fusion of platinum wire, and the excitation of an electro-magnet 
of soft iron; and in December, 1835, there was added to the instru- 
ment the double armature, producing at pleasure either the most 
brilliant sparks and strongest heating power, or the most violent 
shocks, and effecting chemical decompositions. Saxton’s machine 
differs principally from Pixii’s in two respects : first, in M. Pixii’s 
instrument the magnet itself revolves, and not the armature ; and 
secondly, the interruptions, instead of being produced by the revolu- 
tion of points, were made by bringing one of the ends of the wire 
over a cup of mercury, and depending on the jerks given to the 
instrument by its rotation, for making and breaking the contact with 
the mercury.* 

(1001) In the Philosophical Magazine for October, 1836, Mr. E. 
M. Clarke describes his ingenious arrangement of the magneto-elec- 
trical machine, in which the battery of magnets is placed in a vertical, 
instead of a liorizoi^tal position, whereby vibration (known to be so 
injurious to magnets) is materially lessened. Two soft iron arma- 
tures are employed ; one is covered with 40 yards of thick copper 
bell wire, and is used for quantity effects, such as igniting platinum 
wire, magnetizing iron, producing the spark, deflagrating metals, <fec. ; 
and the other, the iron of which is only half the weight of the former, 
has 1,500 yards of fine insulated copper wire on it, and is used for 
the exhibition of those effects usually ascribed to intensity, viz,, giving 
the shock, and effecting chfiaical decompositions. 

(1002) Saxton’s machine as at present constructed is exhibited in 
Fig. 372. Figs. 373, 374, 375, 376, 377, 378, show the difierent 
arrangements and their application to illustrate various phenomena. 
The letters in Fig. 372, answer to the same in the other figures. A 
is a compound horse-shoe magnet, composed of 6 or more bars, and 
supported on the rests h «?, which are screwed firmly on the board 

♦ A description and engraving of the machine deposited by Mr. Saxton in the 
Adelaide Gallery, in August, 1833, will be found in Lond. and Edinh. Phil. Mag.y 
vol. ix. p. 360. 
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B D ; into the rest e, is screwed the brass pillar c, carrying the large 
wheel f, having a groove in its circumference, and a handle by which 
it can readily be revolved on its axis ; a spindle passes from one end 
of the magnet to the other between the poles, and projects beyond 
them about 3 inches, where it terminates in a screw at h, to which 
the armatures, to be described immediately, are attached ; at the 
further extremity is a small pulley, over which a gut band passes, by 
means of which, and the multiplying wheel f, the armatures can be 
revolved with great velocity. 

(1003) The armatures or inductors, as seen at F, are nothing more 
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Fig, 375. 



than electro-magnets ; two pieces of round iron are attached to a 
cross piece, into the centre of which the spindle scrcw's ; round 
each of these bars is w ound in a continuous circuit a quantity of 
insulated copper wire, one end being soldered to the round disc f, 
the other connected wdth the copper wire passing through, but insu- 
lated from it by an ivory ring. By means of the wheel and spindle, 
each pole of the armature is brought in rapid succession opposite 
each pole of the magnet, and that as near’ as possible without abso- 
lutely touching. The two armatures differ from one another. The 
one termed the quantity armature is constructed of stout iron, and 
covered with thick insulated wire. The other, the intensity armature, 
is constructed of slighter iron, and covered with from 1,000 to 2,000 
yards, according to the size of the instrument, of fine insulated wire. 

The quantity armature is adapted for exhiCifW^ the magnetic 
spark, inducing Magnetism in soft iron, heating platinum wire, &c. 
The intensity is best adapted for administering the magnetic shock 

z z 
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(which from only a moderate-sized machine is so powerful, that few 
will venture to take it a second time), and for effecting chemical 
decompositions. 

(1004) The Mood Cup is that part of the instrument to which the 
different arrangements and apparatus used to illustrate various 
phenomena, are attached. The one here represented can he used 
either with or without mercury; it consists of a square block of wood 
supported on a stand capable of being raised or lowered to the height 
required. Two hollows, r and «, are made on the top, into which 
mercury is put when that medium is required ; the round metal disc 
i (Fig. 372), revolves in s, and the point A, just dips into r; the wire 
fork connects the two floods of mercury together. On revolving 
the armature, contact is continually broken and renewed at the 
point A, and a brilliant succession of sparks, forming almost a con- 
tinuous light, is produced. Two pieces of stout brass m, bent at two 
right angles, are fixed to the sides of the wood blo^, but insulated 
from each other ; to these are attached binding screws, which answer 
in every respect the same purpose as the mercury. 

(1(X)5) Fig. 373 exhibits a small electro-magnet connected with the 
apparatus. A small roller u, attached to a spring, presses on the 
circumference of the metal disc at the same time a bent piece of 
wire is fixed by the binding screw p, into the centre of the copper 
pin, the terminating wires of the electro-magnet being connected 
with the binding screws q q. Fig. 374 exhilUfcs the arrangement for 
beating platinum wdre, which is enclosed in a small glass tube. Fig. 
375, the arrangement for igniting charcoal points, the break piece 
being screwed to the copper pin, and a wire spring inserted into the 
binding screw p ; by this means contact is broken and renewed, as 
with the mercury and points shown in Fig. 372. Fig. 377 illustrates 
the method of decomposing water. Fig. 37G, the combustion of steel 
by inserting a piece of wire in one of the binding screws q q, and a small 
file into the other ; on turning the wheel of the machine, and drawing 
the wire over the surface of the file, brilliant scintillations are pro- 
duced. Fig. 378, exhibits the arrangement for administering the 
magneto-electric shock, w w represent 2 glass cups containing a 
little acidulated water ; into these the fingers or hands are to be 
dipped ; a small metal bottom connects them with the binding screws, 
one of which is connected by a wire with the fork n ; the other is 
inserted into the centre of the copper pin : on turning the wheel the 
magneto-electric shock is communicated. 

(1006) The magneto-electric machine is certainly one of the most 
beautiful and instructive instruments of modem science ; by it we 
see exemplified the close connexion between, if not the identity of, 
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the electric and magnetic forces ; by it, the same beating, magnetizing, 
and decomposing powers, the same velocity of motion, the same 
physiological and the same chemical effects- are shown to he common 
to both ; and let us not forget that it is to the genius and labours ol 
an English philosopher that we are indebted for the development ol 
the leading principles on which this beautiful instrument is con- 
structed. Let us remember that the unfolding of the laws of electro- 
dynamic and magneto-electric induction was effected by a countryman 
of our own, and- that these brilliant discoveries were not (as many o; 
the first importance are known to have been) the offspring ol 
accidental or fortuitous circumstances, but purely the result of, and 
affording fine illustrations of that method of physical research 
introduced by the great reformer of philosophy (Lord Bacon), viz., 
well-founded and well-verified inductions and deductions > 

(1007) The application of the magneto-electrical machine to the art 
of electro-plating was made and patented by Mr. J. P. Woolrich, of 
Birmingham.* In the 38th volume of the Mechanics^ Magazine^ 

146, will be found a full and illustrated account of the machine 
which he employed, and of the method of conducting the process. 
Mr. Woolrich made use of sulphite of potash, as the solvent for the 
gold, silver, and copper, with which the articles were plated ; and he 
gives in his specification a detailed accoimt of the method of 
preparing the different “liquors.” The thickness of the metallic 
coating to be deposited, depends on the time during which the article 
is submitted to the operation of the magnetic apparatus and solu- 
tions ; a thin coating will be deposited in a few seconds, whilst to 
obtain a thick coating the article must be submitted to the constant 
operation of the magnet and solution for several hours. The dis- 
tance at which the poles of the magnet should be placed from the 
ends of the armature will depend on the superficies of the article to 
be coated ; the larger the superficies, the nearer must the magnet be 
placed to the armature ; and the smaller the article, the greater must 
the distance be increased, the distance being inversely as the super- 
ficies of the article to be coated. If the surface of the article under 
the operation of coating becomes, while in connexion with the mag- 
netic apparatus, of a brownish or darkish appearance, or if gas be 
evolved from its surface, the distance between the poles of the magnet 
and the ends of the armature must be increased until the metal 
contained in the solution is properly deposited. Mr. Woolrich sub- 
sequently introduced such improvements into the magneto-electric 
machine, that at the cost of about. £1 5 he was able to construct an 

♦ Patent dated August 1st, 1842; Specification enrolled, Februaiy Ist, 1848. 

z z 2 
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apparatus which was capable of depositing 60 ounces of silver per- 
week. 

The magneto-electric machine is now very extensively used in 
Birmingham as a substitute for the voltaic battery in the operation 
of electro-plating. A single Saxton’s machine will, if kept in con- 
tinuous revolution, precipitate from 90 to 100 ounces of silver per 
week from its solutions ; and machines have been constructed by 
which ounces of silver per hour have been deposited upon articles 
properly prepared for this mode of plating (Miller’s ‘‘ Chemical 
Physics,” p. 407). 

(1008) A very few words will suffice to explain the theory of the 
magneto-electrical machine, as at present understood. As often as 
the bent ends of the armatures or inductors JP, F, F, Figs. 372, 373, 
374, are brought by the rotation of the wheel opposite the poles of 
the magnet, they become by induction magnetic ; but they cease to 
be so when they are in the position shown in Fig. 372, viz., at right 
angles to it. !N^ow, we have seen (991) that at the moment of the 
induction as well as of the destruction of the Magnetism in an iron bar 
surrounded by copper wire, currents of Electricity ino'sung, however, in 
opposite directions, are induced in the wire, if the circuit be complete ; 
the points Fig. 372, are therefore so arranged that they shall leave 
the mercury, and thus break the circuit in the wire surrounding the 
armature F, at the moment that its ends become opposed to the 
poles of the magnet ; for which purpose they must be placed nearly 
at right angles to it: the circuit is thus broken at the precise 
moment that a rush or wave of Electricity is determined in the wire, 
and hence the electrical elFects that are obtained. As, however, the 
currents alternate in opposite directions, we cannot obtain the oxygen 
and hydrogen gases from decomposed water separately, when the full 
power of the machine is employed ; but by causing the wire p, Fig. 
377, to rub on the break-piece z, instead of on Hhe cylindrical part, 
one-half of the power of the machine is destroyed, but as the induced 
electrical current will be in one uniform direction, the usual results 
of polar decomposition may be obtained. 

Various methods have been contrived for obtaining a continuous 
electric current in one uniform direction from the magneto-electric 
machines : several magnetic batteries are connected together, and the 
respective armatures are so arranged that each shall in turn become 
magnetic just before the preceding armature has lost its Magnetism, 
a current is thus caused to commence in one coil before it has ceased 
in that one which immediately precedes it. 

(1009) The laws which regulate the magneto-electric force excited 
by Magnetism in the induction spirals, have been investigated by 
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Lenz, and his results agree with those which, in conjunction with 
Jacobi, he had previously found to regulate the intensity of the 
electro-dynamic force excited by voltaic currents. 

These laws are (“ Peschel’s Elements of Physics,” Yol. ii., p. 236) r 

1° That the magneto-electric energy excited in an induction spiral 
by means of Magnetism is equal to the sum of the electro-motive 
forces of all the individual coils of the wire ; this is in accordance 
with the fundamental law of Ohm (394). 

2® With equally powerful currents the magneto-electric force will 
be nearly proportional to the number of coils, the thickness of the 
wdre exerting no influence on it; its intensity will, however, be 
slightly diminished by increasing the width of the coils. 

The excitation of the current does not keep pace with the velocity 
of the rotation, the production and disappearance of the Magnetism 
in the iron cores requiring a certain time. 

(1010) Secondary Currents. — If a small pair of voltaic plates be 
moderately excited, and a small short wnre used to connect its mercury 
cups, no spark, or only a very minute one, will be perceived, either on 
making or breaking contact. As, hoW'Cver, the length of the con- 
necting wire increases, the spark becomes proportionally brighter, 
uiitlly from extreme length, the resistance offered hy the metal as a 
conductor, hegins to interfere icith the principal result. — (Faraday’s 
‘‘Ex. Researches,” 1067.) If two equal lengths of wire be taken, and 
one made up into a helix, and the other laid out on the floor, and each 
used to connect the mercury cups of a small batter}^ very great 
dilference wdll be observed in the size of the spark aft’orded by each 
on breaking contact. Supposing the length of each to be 60 feet, 
the w ire laid on the floor will give a small bright spark, while the 
wire wound into a helix, will produce a large brilliant spark accom- 
panied by a snap. Again, to render the fact still more decisive, 
take 100 feet of covered wire and bend it in the middle, so as to 
form a double termination, which can be communicated with the 
electrometer ; wdnd one-half into a helix, and let the other remain in 
its extended condition; use these alternately as the connecting wire, 
and the helix will be found to give by far the strongest spark. 

(1011) The spark and snap are much increased wEen a bar of soft 
iron, or what is better, a bundle of iron wires, are introduced into the 
axis of the helix; but it is only on breaking contact with the battery 
that the eftect is produced; the reason is, that the iron, magnetized 
by the pow'er of the continuing current, loses its Magnetism at the 
moment the current ceases to pass, and in so doing tends to produce 
an electric current in the wire round it. ^ 

(1012) These effects are evidently dependent on some affections of 
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the current in the conducting wire, and the spark produced when the 
cups of the electrometer are connected hy a short wird, is the only 
one that can be considered as produced by the direct power of the 
battery ; that the increase of the spark when the wire is lengthened 
does not depend on any thing analogous to momentum in the Elec- 
tricity circulating through it, and consequently producing effects at 
the instant the current is stopped, is proved by the fact that the same 
length of wire produces the effects in very different degrees, according 
as it is simply extended or made into a helix, or forms the circuit of 
an electro-magnet. How then is it to be accounted for ? The inge- 
nuity of Faraday has provided an answer. 

In his ninth series of “Experimental Researches, ’* he has shown, 
that if a current be established in a wire, and another wire forming 
a complete circuit be placed parallel to the first, at the moment 
the current in the first is stopped, it induces a current in the 
same direction in the second, the first exhibiting then but a feeble 
spark; but if the second wire be away, disjunction of the first wire 
induces a current in itself in the same direction, producing a strong 
spark. 

The strong spark in the single long wire, or helix, at the 
moment of disjunction, is therefore the equivalent of the current 
which would be produced in a neighbouring wire, if such second 
current were permitted. Viewing the phenomena, therefore, as the 
results of the induction of electrical currents, the different effects of 
short wires, long wires, helices, and electro-magnets, may be compre- 
hended. If the inductive action of a wire a foot long, upon a 
collateral wire also a foot in length, be observed, it will be found very 
small; but if the same current be sent through a wire 50 feet long, 
it will induce in a neighbouring wire of 50 feet a far more pow^erful 
current at the moment of making or breaking contact, each successive 
foot of wire adding to the sum of action; and by|^ parity of reasoning 
a similar effect should take place when the conducting wire is also 
that in which the induced current is formed ; hence the reason why a 
long wire gives a brighter spark on breaking contact than a short one, 
although it carries much less Electricity. 

(1013) If the long wire be made into a helix, it will then be still 
more eftective in producing sparks and shocks on breaking contact; for 
by the mutual inductive action of the convolutions, each aids its 
neighbour, and will be aided in turn, and the sum of effect will be 
greatly increased. 

(1014) The following experiments were made by the author shortly 
after the publ^ation of Faraday’s researches. Two sheets of thin 
cooper, each 4.1 feet long, and 26 inches wide, were cut into ribbons 
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1 inch wide; all the lengths were soldered together, and formed into 
a single coilf with list intervening. A continuous coil of copper 
ribbon, 234 feet long, was thus provided. At the commencement of 
the coil, and at intervals of 25 feet through its whole length, wires 
were soldered, which projected about 2 inches, and supported small 
cups to contain mercury. By this arrangement, the current could be 
sent through any length of ribbon, from 234 to 25 feet, and by the 
aid of the mercury cups, the effect produced on one part of the wire 
by the action of an electrical current sent through any other part 
could be examined. In describing some of* the experiments made 
with this coil, which seem to bear on the present subject, we shall 
distinguish the cups by figures, indicating their position on the coil, 
thus: — 

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

corresponding to 25. 50. 75. 100. 125. 150. 175. 200. 234. feet. 

Exp. 1. When communication was made with the positive end of 
a pair of plates, contained in a pint cup, and excited by dilute 
sulphuric acid, and cup 1, and the wire from the negative end, dipped 
in succession into 2, 3, &.c., to the end of the arrangement, the spark 
and snap increased in intensity to 4; at 5, it appeared the same, and 
afterwards went on decreasing to 10, where the spark was not nearly 
so large, nor was the snap nearly so loud; the maximum effect, 
therefore, seems to be produced with the battery when the current 
has traversed between 75 and 100 feet. 

Exp. 2. When a half-pint battery was employed, no difference in 
the size of the spark could be perceived in 4, 5, 6, 7, 8 ; but it was 
larger and brighter in tliese cups than in 2, 3, and 9 and 10, in which 
it seemed about the same: with a pair of plates, containing about 
one-fourth the surface of metal, no difference in the size or appearance 
of the spark, could be perceived throughout the whole arrangement, 
after cup 2, being a^bright at 10, as at 3. 

Exp. 3. W^hen a pair of plates, each 2 inches Bqliare, was em- 
ployed, the spark seemed brighter at 9 and 10 than either 4, 5, or 6 ; 
with a pair 1 inch square, the difference was more marked ; with a 
pair J an inch square, it w'as feeble in 2, 3, 4, after which it went on 
increasing, and at 10 it was much larger ; with a pair a of an inch, 
a slight snap was several times heard accompanying the spark in the 
last 3 cups ; but the sparks produced in the first 6 cups were 
decidedly smaller, and less bright. 

Exp. 4. A pair I of an inch square was then tried : sparks were 
produced in all the cups ; feeble in 2, and 3, but in 7, 8, 9, 10, bright ; 
largest and brightest in 10. 

Exp. 5. Strips of copper and zinc, i an-inch long, and A)th of an 
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incli wide, were immersed in the acidulated liquor, and connected 
with the coil ; sparks were obtained in all the cups, Mght in 8, 9, 
10 ; the strips were then cut in half, and by rapidly breaking contact, 
sparks were obtained in 5, 6, 7, 8, 9, 10; they could only occasionally 
be got from 4, and not at all from 2 and 3. The strips were then 
reduced to about ^th. of an inch long, and ^j^^th wide ; in 9, and 10, 
several sparks were obtained, but none could be got from any of the 
other cups. 

JExp, 6. A large calorimotor, highly excited with nitrous acid, 
was then tried ; the brightest and loudest spark was at 2 ; the snap 
was very loud, and could be distinctly heard in a room, at the 
bottom of a flight of stairs, the door being shut, and also the door of 
the room in which the experiments were made ; it was as loud, every 
time contact was broken, as the explosion from a pint Leyden 
phial; the sparks were very vivid, and evolved copious fumes of 
mercury ; these efiects rapidly diminished as the connecting wire 
approached the termination of the coil, and at 8, 9, 10, the sparks 
were not more brilliant nor louder than those produced by the half- 
pint battery. 

Ea:jp. 7. The shock with this apparatus did not increase with the 
spark : when a brass conductor was grasped by the hand, and kept 
permanently in 1, and another held in the left hand, and dipped suc- 
cessively into each of the other cups, in which contact with the 
battery was rapidly broken by an assistant, the large calorimotor 
being employed, the following were the results: — 

Ejrp. 8. The left hand conductor being in cup 2, and contact 
with the battery broken in it, the shock was very slight ; in 3 it was 
stronger, and went on increasing to 10, where it w^as strong enough 
to be felt at the elbow^s ; now the spark and snap w ere most intense 
in 2, and least in 10 ; hence the shock appears to bo inversely as the 
spark. 

Ejijf). 9. The ’left hand conductor was then dipped into the cup 
next to that in wdiich contact was broken, being out of the circuit of 
the current, as for instance in 3, wLile contact was broken in 2 ; the 
shock went on increasing, as before, to the end of the arrangement ; 
it was then kept permanently in 6, while contact was broken in all 
the other cups ; in 2, 3, 4, the shocks were distinctly felt, and went 
on increasing to 9. 

Exp, 10. The current was then passed from 2 to 9, while the 
conductors were held in 1 and 10, then from 3 to 8, then from 4 to 
7, then from 5 to 6, shocks were felt in all cases; strongest when the 
current was from 2 to 9, and weakest when from 5 to 6. 

Exp, 11. The wires from the battery were then connected with 1 
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and 2, and the conductors held in 3 and 4, then in 1 and 3, while the 
conductors were in 4 and 5, 1 and 4, 5 and 6, &c. ; but no shocks 
were felt, even when the wires from the battery were in 1 and 8, and 
the conductors held in 9 and 10. 

Exp, 12. Although, however, no shock could be obtained directly 
from this arrrangement, yet the existence of a secondary current was 
easily proved by the galvanometer, wdien the positive wire from the 
battery was in 1 and contact broken by the negative wire in 2, one 
wire of the galvanometer being in 3, and the other in 10, the needle 
was strongly deflected in a direction indicating the passage of a 
current in the same direction as the inducing current, that is, from 3 
to 10. When the needle had taken up its position, it was retained 
in it by a pin ; contact was then broken in 2, and the needle was 
immediately deflected in a contrary direction, showing now the 
passage of a current from 10 to 3. 

Exy, 13. By employing a coil apparatus powerful shocks were 
obtained from the secondary current; the wires from the large 
calorimotor being in 1 and 2, and the terminal wires of the primary 
coil in 3 and 10, shocks felt at the elbows occurred every time con- 
tact was broken, and when this was done rapidly by a revolving 
wheel, or by liitcliie’s rotating magnet, the succession of shocks was 
almost intolerable ; when one of the wires of the primary coil was 
dipped in the same cup in which contact with the battery was broken, 
the shocks were very violent, even with a half-pint battery. When 
a wheel was employed to break contact, the scintillations were very 
brilliant, when it was connected with the first four cups of the coil. 
The w^ell kuow'n optical illusion, of a body in rapid motion appearing 
stationary, was beautifully shown when the room w’as darkened, and 
the large battery used. Without the intervention of the coil, the 
shocks obtained on breaking contact, by means of a wheel, were not 
so strong as w^as expected. The most efficient method in this case 
was to draw the end of the connecting wire rapidly over the edges 
of the ribbon, from the centre to the circumference. 

Exp, 14. Secondary shocks were obtained from the coil imme- 
diately ; i. e., without the intervention of the coil, by dipping the 
conductors grasped by the hand, in 10, and the negative cup of 
the battery, while contact was broken, in 2, 3, 4, 5, 6, 7, 8, and 
9 ; in the last three, the shocks were as strong as could be given 
wntli any other arrangement of the apparatus, and when the coil was 
interposed, very severe, even when contact was broken by 2, and a 
half-pint battery employed. 

Exp, 15. The wire from the zinc end of the battery was then kept 
permanently in 10, and contact with the copper end broken in 9, 8, 7, 
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' 6, 5, 4, 3, and 2, the left-hand conductor being in 1, and the right in 
the positive cup. Shocks were felt in all; slight in 9 and 8, and 
strong in 4, 3, 2* 

These results agree very closely with those obtained by Professor 
Henry, of New Jersey, Princeton, to whom we are indebted for a 
very elaborate investigation of the phenomena of the induction of 
galvanic currents, and for the discovery of analogous results in the 
discharge of ordinary Electricity. 

(1015) It was found by this experimentalist that when the length 
of the coil is increased, the battery continuing the same, the defla- 
grating power decreases, while the intensity of the shock continually 
increases, but that there is a limit to the ipcrease of the intensity of 
the shock ; and this takes place when the increased resistance or 
diminished conduction of the lengthened coil begins to counteract the 
influence of the increasing length of the current. "When the inten- 
sity of the battery is increased, the action of the short ribbon coil 
decreases, but it is surprisingly increased when the length of the coil 
is increased in proportion. Thus Dr. Henry found that the current 
from a battery of 10 pairs of Oruickshank’s trough, which, when sent 
through the ribbon, a, or c, (Pig. 379) produced scarcely any efiect ; 

. when passed through a spool of copper wire of an inch in diameter, 
and ^ve miles long, gave shocks too strong to be taken through the 
body; and that a battery composed of 6 pieces of copper bell- wire 
IJ inch long, and an equal number- of pieces of zinc of the same size, 
was capable, through the medium of this long spool, to give shocks at 
once to twenty-siiT jiersons joining hands; though when a si m])le battery, 
exposing a zinc surface of If square foot was employed, no shock, or 
at most a very feeble one only, could be obtained. 

(lOlG) Pig. 379 repre- 
sents the method by which 
battery contact was broken 
and renewed in Professor 
Henry’s experiments : a is 
the ribbon coil about 100 
feet long; d, a rasp, the end 
of which communicates 
with the zinc cylinder of 
the battery through the 
medium of a cup of mer- 
cury ; one end of the 
ribbon is placed perma- 

After these experiments were made, the ribbon was cut down the midde, and 
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nently in the cup connected with the copper element, and by drawing 
the other end smartly over the surface of the rasp, a series of brilliant 
sparks are produced, and the electrical current through the coil is 
rapidly broken and renewed. 

Now on placing coil c, containing about 60 feet of insulated copper 
ribbon on coil a, a plate of glass being interposed, and sending the 
electrical current from the battery through «, it was found that as 
often as the circuit was interrupted, a powerful secondary current was 
induced in c, and that when the ends of this coil were rubbed together, 
sparks were produced; when a small coil of wire enclosing a needle 
w^as interposed, the needle became magnetic ; when a small horse-shoe 
of soft iron, surrounded by a coil of wire, was interposed, Magnetism 
was developed ; when the ends of the coil were attached to a small 
decomposing apparatus, gas was given off at each pole ; and when 
the body was interposed, a shock, though a feeble one, was expe- 
rienced. 

When, instead of a ribbon coil, a helix containing 2,650 yards of 
fine insulated wire was placed on coil a, the magnetizing effects 
disappeared, the sparks were smaller, and the decomposition less; 
but the shock even from a single rupture of the battery current was 
sufficiently fbwcrful to be sent through 56 persons, and w'as too 
strong to be received with impunity by a single individual. When 
a helix containing 1,500 yards of wire iJs of an inch in diameter was 
placed on coil a, scarcely any effects could be obtained ; nevertheless 
when the ribbon coil was made into a ring, as shown in h, (Fig. 379) 
and the long spool of wire placed in the centre, shocks sufficiently 
intense to be felt at the shoulder, when passed only through the 
forefinger and thumb, were obtained, sparks and decomposition were 
produced, and needles w^ere rendered magnetic. 

(1017) By these experiments it is proved that the induced current 
is diminished by increasing the length of the wire, and that the more 
so in proportion as the size of the wire is diminished ; it is also shown 
that vrhen a ribbon coil is employed, the induced or secondary current 
has the properties of one of considerable quantitg, but of moderate 
intensity: and that when a helix of small copper wire is used, the 

Boldered together so as to form a length of about 460 feet, \ an inch wide, which 
was insulated and wound us before, into a spiral : the maximum spark, with this 
arrangement, a pint battery being used, was at about 150 feet ; and with a very 
small voltaic pair, the largest and brightest spark was still at the extremity of 
the spiral ; on the whole, the effect of dividing the copper ribbon was to diminish 
the size of the spark, but greatly to increase the intensity of the shock, which, 
when obtained from the last cup, and the negative end of the lottery, was very 
severe. Water was readily decomposed by the secondary current, developed by 
this arrangement. 
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secondary current is one of small quantity^ but of great intensity; the 
difference between the currents induced in the two cases is precisely 
similar to the difference which we notice between the Electricity from 
a voltaic battery consisting of a single pair of plates, and that from a 
voltaic arrangement consisting of a number of pairs in series weakly 
charged, as from the water battery (339). The fact that the induced 
current is diminished by a further increase of the wire after a certain 
lengtli has been attained, is, as Dr. Henry observes, important in the 
construction of the magneto-electrical machine, since the same effect 
is produced in the induction of Magnetism. The wire on the inductor 
of the machine may therefore beof such a length, relative to its diameter, 
as to produce shocks but no decomposition ; and if the length of the 
coil be still further increased, the power of giving shocks may also 
become neutralized, from the increased resistance offered to the 
induced current by the great length of wire : a good idea of the 
difference between quantity and intensity may be formed by supposing 
that in the first there is a large current moving slowly without any 
or but small resistance, and in the second a small current moving 
with great velocity, but still having a resistance to overcome. 

The experiments of Professor Henry, relative to the induction of 
secondary currents at a distance, are exceedingly staking. Ey 

sending an intermitting current of 
Electricity through the spiral a, 
(Fig. 3S0), and placing the helix of 
thin wire Z», over it, a plate of glass 
being interposed, shocks may be 
obtained on grasping the handles 
attached to the coil. When «, consisted of about 300 feet of co})per 
ribbon, IJ inch in width, and 5, a helix of copper wire 5 miles long: 
Dr. Henry found that shocks might be obtained when the coils were 
four feet apart; and at a distance of 12 inches they were too 
strong to be taken through the body: the Professor also mentions a 
very instructive method of exhibiting these astonishing experiments, 
which we have frequently adopted in the lecture-room, viz., to cause 
the induction to take place through the partition walls of two 
rooms, for which purpose a coil, about 100 feet of ribbon, is sus- 
pended against the wall in one room, while a person in the adjoining 
room receives the shock by grasping the handles of a helix of about 
300 yards of thin wire, and approaching it to the spot opposite to 
which the coil is suspended. The effect is as if by magic, without a 
visible cause. It is best produced through a door or thin wooden 
partition. 

(1018) When an intermitting electridffl current is sent through the 
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ribbon coil^j, (Fig. 381), a secondary current is, as we have seen, induced 


Fig. 381. 



in h, placed at a distance above it. Dr. Henry further ascertained that 
this induced secondary current, by passing through the coil c, was 
capable of inducing a current of the third order in the helix d ; and 
that this coil again, by passing through the helix e, induced a current 
of t]\Q fourth order in the coil/, as was proved by the power possessed 
by this coil of magnetizing the needle g ; he further determined that 
there existed an alternation in the direction of the currents of the 
several orders, commencing with the secondary, — it was as follows : 

Primary current . , . . , • + , 

Secondary current + 

Current of the third order ... . — 

Current of the fourth order . . . . + 

Current of the fifth order . . . . — 

From our previous knowledge of this subject, the induction of currents 
of difterent orders, of sufficient intensity to give shocks, &c., could 
scarcely have been anticipated. The secondary current consists, as it 
w^ere, of a single wave of the natural Electricity of the wire, disturbed 
but for an instant by the induction of the primary : yet this has the 
power of inducing another current, but little inferior in energy to 
itself ; and thus produces effects apparently much greater, in propor- 
tion to the quantity of Electricity in motion, than the primary current. 

(1019) In Fig. 381, the current induced in/ by the helix e, is one 
of quantity ; the effects, however, of the induced tertiary current in 
d would be those of intensity ; and by grasping metallic handles, 
attached to the ends of that helix, shocks may bo received ; thus a 
quantity current can be induced from one of intensity, and the con- 
verse. Dr. Henry found that on interposing a screen of any conduct- 
ing substance, between a and &, no secondary currents could be 
obtained ; a circular plate of lead, for instance, caused the induction 
in I almost entirely to disappear ; but when a slip of the metal was 
cut out in the direction of a radius of the circle, the induction was not 
in the least interfered with : again, the coil h being placed upon a with 
the two ends separated, and on the coil the helix d^ shocks could be 
obtained from the latter as f£ the coil were not present ; but when 
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the ends of h were joined, so as to form a perfect metallic circuit, no 
shocks could be obtained. The explanation of this apparent mystery 
was at first obscure ; it was, however, subsequently referred by Dr. 
Henry to the changes in the direction of the induced currents : the 
secondary current, which is induced in the screening plate, o;: closed 
ribbon coil, is in the same direction as the current from the battery ; 
it nevertheless tends to induce a current in the adjacent conducting 
matter of a contrary direction. A similar reaction, as it were, may 
be observed by placing on a flat ribbon coil, containing about 100 
feet of metal, another similar coil, and then taking the shock from 
the first when the ends of the second are joined, the intensity will be 
found to be very materially diminished ; although, if the ends of the 
second coil be not joined, no difference in the intensity of the shocks 
will be perceived. 

Fig. 382. (1020) By employing 

the arrangement shown 
in Fig. 382, Professor 
Henry succeeded in 
demonstrating that the 
discharge from the Ley- 
den jar possesses the 
property of inducing a secondary current precisely the same as the 
galvanic apparatus. A hollow glass cylinder a, of about 6 inches in 
diameter, .was prepared with a narrow ribbon of tinfoil, about 30 feet 
long, pasted spirally around the outside, and a similar ribbon of the 
same length pasted on the inside ; so that the corresponding spires 
of each were directly opposite each other. The ends of the inner 
spiral passed out of the cylinder through a glass tube, to prevent all 
direct communication between the two. When the ends of the inner 
ribbon w'crc joined by the magnetizing spiral c, containing a needle, 
and a discharge from a half-gallon jar sent through the outer ribbon, 
the needle was strongly magnetized in such a manner as to indicate 
an induced current through the inner ribbon, in the same direction 
as that of the current of the jar. When a second cylinder, similarly 
prepared, was added, a tertiary current was induced in the inner 
ribbon of the second ; and by the addition of a third cylinder, a 
current of the fourth order was developed. 

(1021) In all the experiments that were tried, the results with 
ordinary and galvanic Electricity proved to be similar. A most inte- 
resting fact, however, came out in the course of the investigation : 
when the Leyden experiments were made with the glass cylinders, 
the currents, instead of alternating^ as was the case in the galvanic 
experiments, were all in the same direction as the discharge from the 
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jar; but when the' "arrangement of coils and helices, Fig. 358, was 
used, the coils being furnished with a double coating of silk, and the 
contiguous conductors separated by a large plate of glass, the dis- 
crepancy vanished, and the alternations were found the same as in the 
case of Galvanism : thus the cylinders gave currents all in one direc- 
tion, the coils in alternate directions. Dr. Henry made a great 
number of experiments, in order to get some explanation of these 
apparently anomalous results ; and he at last succeeded satisfactorily 
in tracing them to the distances of the conductors. Thus two narrow 
strips of tinfoil, about 12 feet long, were Stretched parallel to each 
other, and separated by thin plates of mica to the distance of about 
•B^oth of an inch. When a discharge from the half-gallon jar was 
passed through one of these, an induced current in the same direction 
was obtained from the other. The ribbons were then separated by 
plates of glass to the distance of -s\-th of an inch — the current was 
still in the same direction, or 'plus. When the distance was increased 
to about -J th of an inch, no induced current could be obtained ; and 
when they were still further separated, the current again appeared, 
but was now found to have a different direction^ or to be 'minus ; no 
other change was observed in the direction of the current, and the 
intensity of the induction decreased as the ribbons were separated. 
Thus, when the conductors are gradually separated, there is, it 
appears, a distance at which the current begins to change its direc- 
tion, and this distance depends on the amount of the discharge, and 
on the length and thickness of the conductors. With a battery of 8 
half-gallon jars, and parallel w ires of about 10 feet long, Dr. Henry 
found that the change in the direction did not take place at a less 
distance than from 12 to 15 inches; and with a stiir larger battery 
and longer conductors, no change was found, although the induction 
was produced at a distance of several feet. 

(1022) This subject has been more recently examined by Heiss. 
ifPogg. Ann. Ixxxi., p. 428, and Ixxxiii., p. 309 ; translated, IBhil. Mag. 
4th series, vol. iii., p. 173.) To infer the strength of the current, this 
excellent Electrician resorted to the ignition of a fine platinum wire, 
introduced into the circuit and passing through an air thermometer 
(168) of peculiar construction. 

The following were the results of his investigation : — 

1st. Two portions of the connecting wire of a battery which run 
closely parallel, act upon each other ; the current will be weakened 
by this action when its two parallel portions move in the same direc- 
tion, and strengthened when they move in opposite directions. 

2nd. Two portions of a secondary current which run closely parallel, 
act upon each other ; when the direction of the current through both 
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portions are identical, a weakenitig is the consequence ; and when the 
directions in both portions are opposed to each other, a strengthening 
of the current is the result. 

3rd. Currents of the thirds fifths and other odd orders, have the 
same direction as the original current; and those of the second, 
fourth, and other even orders, have among themselves one and the 
same direction. 

When primary and secondary flat spirals, each containing about 50 
feet of copper wire, are placed opposite to each other a peculiar 
reaction of the secondary upon the primary is observed. If the ends 
of the secondary be connected by a thick wire, the effect upon the 
primary current is the same as when the ends of the secondary 
remain wholly unconnected. If the ends of tlie secondary be joined 
by a long thin platinum wire, the reaction of the secondary is such 
as to enfeeble the primary. This enfeeblement increases up to a 
certain limit as the resistance is increased, from wdiich forwards it 
diminishes until it becomes insensible. 

Fig. 383. 



T'ig. 383 shows Matteucci’s arrangement of the apparatus for the 
development of secondary, or induction currents produced by the 
discharge of a Leyden jar or battery. A and B are discs of glass 
or gutta percha fixed vertically in metallic frames, and supported on 
insulating stands. They are about a foot in diameter. On one face 
of each is wound spirally, commencing from the centre, a long and 
well insulated copper wire, about Ath of an inch in diameter, the 
ends of the wire pass through the discs at the centre, and near to 
the circumference, and are there terminated by binding screws. A 
is brought into the circuit of the jar or battery through a Lane’s 
discharger (159), and the wired face of B brought close to it ; every 
time the jar discharges, a shock of greater or less intensity, accord- 
ing to the interval between the discs, is experienced by a person 
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grasping the handles, h h. The spirals should be laid symmetrically 
on the discs, and the wire, after being well covered with silk, should 
be thickly coated with gum lac. 

(1024) The reader, after the perusal of these be^tiful experiments, 
will have no difficulty in understanding the rationale of the electro- 
magnetic coil machine. It was Mr. Callan, of Maynooth College, 
who first contrived a convenient apparatus for the illustration of 
secondary currents. A coil of thick insulated copper bell-wire is 
wound on a small bobbin ; and on a larger rod with a hollow axis, in 
which the bobbin may be introduced at pleasure, a length of about 
1,500 feet of thin w ire is wound ; the two coils are thus perfectly 
distinct from each other, and by sending the current from the battery 
through the interior coil, the Electricity present in the exterior coil is 
set ill motion by its inductive influence ; and from it both physiolo- 
gical and electrolytical effects may be obtained. The spark obtained 
on breaking battery-contact with the primary w ire is generally fine 
and bright, in consequence of the reflex wave of Electricity wdiich is 
generated in it ; but if the ends of the exterior coil be brought into 
metallic contact, tlieu little or no spark is seen when the primary 
circuit is broken, in consequence of the reaction of Ihe induced 
current. If 100 yards of fine* insulated copper wire be w'ound on a 
reel, and contact with an electrometer rapidly broken, shocks may be 
obtained by grasping metallic cylinders in connexion with the ends 
of the coil, from the rcfiex wave of Electricity wrhich is generated ; 
and if a bundle of iron wires be jilaced in the axis of the helix, the 
brilliancy of the sparks and the intensity of the shocks w ill be much 
increased' in consequence of the second wave of Electricity, which we 
have seen is produced at tlie moment of the demagnetization of the 
iron. 

Eig. 384 represents a very convenient little apparatus devised by 
Dr. G^olding Eird (Z. and E. Ehil. Mag., vol. xii., p. 18), for rapidly 
breaking and renewing battery-contact with the primary coil. It is 
thus constructed : — a Fig, 384. 

base board, about 8 
inches in length, and 
3 in breadth, is fur- 
nished at both’ends with 
a piece of hard w ood, A 
and 13, each having 2 
holes excavated for the 
purpose of holding mer- 
cury; each of these holes 
communicates by means of thick copper wrires, D D, with that 

8 a. 
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opposed to it in the^otlier piece of wood at the opposite end of the 
board. Midway, between the receptacles for mercury, is a wooden 
support, so contriyed, that a piece of soft iron wire, ith of an inch 
in diameter, and 5 inches in length, may oscillate between the cheeks 
cut in its upper part, with as little friction as possible. Around 
this iron wire, F, are wound two helices of thin insulated copper 
wire, in the same direction (from right to left), in such a manner 
that the two ends of ofle helix may terminate in the copper points 
G Hy and the ends of the other helix in the points K L. Two small 
horse-shoe magnets (not shown in Pig. 384, but shown in their 
proper places, in Pig. 385) are then fixed on proper supports, so that 


Fig. 885. 



they may each be placed near an end of the iron bar, F F,m 2 i ver- 
tical plane just posterior to it, so that on depressing the end P, of the 
bar, it may be opposite one pole (say the S.) of ono magnet, and 
consequently the end F, will be opposite the other pole of the 
second magnet. On elevating the end F, the contrary will of course 
take place, and for this purpose, it is hardly necessary to say that the 
similar poles of the magnet should be in the same direction. 

(1025) Prom this description it is evident that bn connecting the 
cup of mercury in A or B, with the 2 plates of a single voltaic 
battery, the bar F F will become a temporary magnet, if the ends 
of either helix are allowed to dip in the mercury ; and if connexion 
with the battery be properly made, the ends or poles of the tem- 
porary magnet will be repelled by the poles of the permanent magnet, 
to which they are opposed ; the bar will consequently move, and so 
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cause tfee immersion of the ends of the second helix in the other 
cups of mercury; repulsion will again occur, and so on; about 
300 oscillations of the iron bar can thus be obtained in a minute. 

The coil is thus arranged : on a reel, with a hollow axis, 3 
inches in length, are wound about 80 feet of copper >vire, iVth 
of an inch in diameter, covered with cotton thread for the purpose of 
insulation, the two ends being connected with^ 385), so that 

by means of the binding screws communication may be made by 
wires with the contact-breaker and battery ; this is the primary coil ; 
over it a second insulated copper wire, Vvth of an inch in 
diameter, and about 1,500 foet in length, is wound, and t^e two ends 
are connected with s s, furnished with binding screws, for forming 
connexion with wires, for communicating the shock, &c. 

(1026) The connexion with the battery is best made in the way 
shown in Fig. 384, in which JK represents a section of the reel, S an 
end of the short helix connected with the mercury cup in jB, Z the 
other end of the short helix connected with one plate of the battery, 
whilst the wdre O connects the other cup of mercury in H with the 
other plate of the voltaic couple. When this is properly arranged, a 
seri^ of induced currents may be obtained from s s, the extremities 
of t}je long* helix, capable not only of communicating a series of 
intense shocks, but of exerting powerful electrolytic action; and 
when a bundle of soft iron w^ires is inserted in the hollow axis of the 
reel f, (Fig. 385), the dynamic power of the coil is considerably 
increased. In this ease, indeed, the sparks produced when the ends 
of the helices round the iron bar ^ leave the mercury, are very 
brilliant, accompanied by a loud snapping noise and a vivid 
combustion of mercury, clouds of the oxide of that metal being 
copiously evolved. 

(1027) If the ends P of the long and thin coil are furnished 
with platinum points, and immersed in water acidulated with 
sulphuric acid, rapid electrolytic action ensues, torrents of minute 
bubbles of oxygen and hydrogen gases being evolved. If, instead of 
water, the points are pressed on paper, moistened with iodide of 
potassium, electrolytic action ensues, iodine and oxide of potassium 
being separated. Solutions of neutral salts, such as sulphate of 
potash and soda,^ chloride of potassium, sodium, antimony, and 
copper, are also rapidly decomposed. In these experiments, as Dr. 
Bird remarks, it will be found that the great majority of the electro- 
positive elements (for example) appear constantly at one termination 
of .the coil, ccsteriB paHhm^ bu'l^not all, for it must not be forgotten 
that on making, as well as freaking contact with the electromotor, an 
induced Cl:^rrent . takes place in the long coil, though of far weaker 

3 A 2 
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intensity than the latter, to which it is opposed in direction, and 
consequently in electrolytic effects. 

(1028) If the brass conducting tubes d d' (Fig. 385), are grasped, 
even with the unmoistened hands, the intensity of the rapid 
succession of shocks will be found intolerable, even when the battery 
used consists but of two plates, presenting 4 or 5 square inches of 
surface ; and with pairs of half an inch, the shocks obtained, when 
contact is rapidly broken (which in this case, is best done by a 
rotating magnet, motion being cgjpmunicated by the fingers), are 
vei^vdfs^j|«l^able . 

^hen flse wires at the end of the conducting tubes, d d' are made 
to touch, small bright sparks are produced ; and if, while the oscilla- 
ting bar of the contact-breaker is vibrating rapidly, a large pair of 
plates being employed, a piece of well-burnt charcoal is fixed on one 
of the terminations, and tlie other drawn lightly over it, a rapid 
succession of brilliant sparks is obtained. TIu'se sparks depend 
entirely upon the induced currents, as the fine coil has no conne^xion 
with the battery. For the exhibition of tluvS, as well as of the 
electric light of an energetic arrangement, pencils of tliat kind of 
artificial graphite found lining the interior of the iron cylinders 
used for the distillation of coal in gas manufactories are very far 
superior to box- wood, or indeed to any other form of charcoal. 

By connecting the ends of the primary coil of this arrangement 
with the quantity ijuluetor of tlio magneto-electrical machine, 
powerful shocks and strong electrolytic ('fFects are obtained; the 
spring must rub on thq double break, which in this experiment 
performs the same office as the contact-breaker; the coil, wdiieli, as 
Fig. 386. w'e have seen, is, w hen revolving before the 

magnets a powerful source of Electricity, 
supplying the place of the voltaic couple. 

(1029) There are several other forms of 
the electro-magnetic coil machine, and many 
other modes of breaking battery- contact 
with the primary coil. Fig. 38G is a very 
elegant arrangement; the primary coil con- 
sists of about 35 feet of insulated copper 
wdre (No. 12), and the secondary of 1,400 
feet of silk-covered copper wire (No. 20), 
battcry-contact is broken and renewed by the 
rotation of the soft iron bar h, which, mounted 
between two brass pillars, is situated immedi- 
ately over the a^is of the coil, in which is 
placed a bundle of iron w'^ires ; the electrical 
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current from the battery passes through the pillar d, and the axis 
carrying the iron bar ; and contact is broken and renewed by the 
point i dipping, 'as h revolves, into, and out of, the mercury contained 
in the brass cup y, mounted on the brass pillar through which 
the circuit is completed ; communication with the voltaic battery is 
made tlirough one pair of the binding screws on the base of the 
instrument; and the shocks, electrolytical effectSj &c., are obtained 
from wires attached to the other pair. * 

(1030) Fig. 387 represents another form of the instrument which 
possesses this advantage over ll^ last, viz., that it does not^r|puire 
mercury. The current from the battery passes from the IJl^ng ‘screw 
p, up the wire a, wiiieh terminates in a small disc of iron, arranged 
immediately over the bundle of 
iron wires in the axis of the coil, 
from which however it is pre- 
vented from coming immediately 
into contact, when the machine 
is not in action, by the horizontal 
spring by which it is connected 
with the wire a. The binding 
screw <?, is connected with a wire, 
the top of which is seen in the 
figure rising above the coil. On the top of this wire is a horizontal 
strip of metal tipped with platinum, and with this, by the action of 
the spring, the disc of iron is kept in contact ; now, wheji connexion 
is made with tlie battery through the wires p and c, the central core 
of iron wires becomes magnetized, and consequently attracts the disc 
of iron, thus breaking battery-contact ; the current being shut ofi', the 
disc of iron is again raised by the spring, and thus contact is broken 
and renewed with amazing rapidity. The secondary effects are 
obtained from the handles attached to p c. For medical purposes, 
this is dceidedl}^ the best arrangement of Fi^'. 388 . 

the coil machine, as it is more compact than 
any other, and dispenses with the use of 
mercury. 

(1031) In Fig. 388 is a representation 
of the Hev. F. Lockey’s electro-magnetic 
coil machine, to which is attached an ap- 
paratus for producing luminous galvanic 
rings. The contact-breaker is the curved 
spnng C, which is carried rapidly round 
by tlie multiplying whefel and handle d, 
striking in its course against the notches 
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in the interior of the metallic circle h. This (;irclo must have an odd 
number of teeth or notches, in order that the ends of the S shaped 
spring may produce the spark at opposite parts of the ring ; when 
there are 25 or 35 breaks, the resulting ring of sparks is exceedingly 
beautiful. 

The diameter of the ring a h may be about 5 inches ; rings a foot 
in diameter produce very brilliant effects ; they may be made of 
different metals, an^ if corresponding springs be used, there will be a 
different light for each. The rings are secured in the circular rabbet 
of the square piece of wood, A, by small turn buttons ; one end of 
the primary coil is in comm uuicat ion wdth the ring, the other is in 
connexion with the binding screw c, where one of the battery wires 
is to be fixed. The spring c has metallic communication with the 
other pole of the battery by means of its metallic socket, to which a 
wdre is soldered and brought down to another connecting piece 
symmetrical w ith e, but not visible in the figure ; a small j^ortion of 
this wire is seen at g; f f are the usual conncctiiig pieces for 
administering the slioc'k. 

(1032) The Sciniillaiing circle. Fig. 389, is another of 
Mr. Lockey’s instruments. Seven or any other uneven 
number of fine files are procured, sucli as arc used in 
certain engravers’ w ork ; they are of a flat and circular 
form, about ^ths of an inch in diameter; they are 
arranged and fixed upon an immovable disc a ; each is 
in metallic contact with the other, and the whole w ith 
the terminal wire of th(^ battery, a powerful coil being 
interposed. In the centre of the disc is the brass axis 
h, carrying a small pulley, to which rapid rotation can 
be communicated by the multiplying wheel c. This 
pulley carries the steel w ire d, e, pointed at its extremities, and bent 
at such angles as lightly to drag over the faces of the files in rotation. 
The wire is removable at pleasure to admit of its adjustment or 
replacement. The central axis has a wire leading to the other 
terminal of the battery. On putting the apparatus in action, contact 
is made and broken alternately at neaidy opposite diameters of the 
disc. The effect to the eye is a continuous circle of radiant and 
splendid scintillations. This is perhaps one of the most delicately 
beautiful of electrical experiments. The effect is much improved if 
instead of separate pieces of steel inserted in the brass ring, the 
whole circle is formed of steel, eitln^r cleaned off with a fine file and 
left purposely unpolished, or, better still, formed into a continuous 
and fine file over its whole surface. 

(1033) The Water Regulator, Fig. 390, also contrived by Mr. 
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Lockey, is a useful piece of apparatus for the 
purpose of modifying the physiological effects of 
the galvanic shock obtained by the medium of the 
self-acting coil or other source of power. The 
most powerful shock can by this regulator be 
readily reduced to one in the mildest form. In the 
medical administration of galvanic Electricity, this 
is a point of some importance, as obviating the 
necessity of any adjustment of the size of the 
battery, the depth to which its plates are immersed, • 

&c. ; is a glass tube about 6 inches in length, 
capped at eacli extremity ; tliis tube rests upon, 
but is not fastened to, the base y, as it may some- 
times be desirable to attach the regulator directly to 
the connector of the coil, by the wire f. The fixed copper wire e a 
bent to a right angle at passes out close to the bottom of the cap, 
and is fastened by the screw coiyiector /. 'Jliis part is not quite 
correctly represented in the figure. The base g should be so shaped 
that the whole of the connector be on a level with the bottom of the 
cap a g. The copper connecting wire ch d passes through a stuffing- 
box in the centre of the upper cap h (which unscrews in order to 
introduce', any convenient quantity of water). The apparatus is 
interposed in the circuit between one of the extremities of the coil 
and tlie person about to receive tlie shock ; and, according as the 
points of the wire d and e are approximated to, or separated from 
one another, will be the strength or the gentleiiess of the shock. 

(1034) In Eig. 301, we have an engraving of a vihy powerful ar- 
rangement of the electro-magnetic coiHnachme, made, and presented 
to the author, by Mr, W. T. Henley. A, a series of IJ-shapcd bars 
of soft iron, bolted down to a base board, and wound with 4 coils 
of No. 14 covered copper wire to within an inch from either 
extremity ; over this are wound 1,000 yards of No. 34 covered 
wire in one continuous length. E, the revolving armature which 
rotates between the poles of the magnet fixed on an axis, the 
lower end resting on a hard steel cap, the upper kept in its 
position by a screw passing through a flat piece of metal mounted 
on 2 brass columns. O, the apparatus for breaking contact, con- 
sisting of a small lever a, suspended on a pillar, one end dipping 
into a mercury cup h, and the other end provided with a friction 
roller, running on an undulating wheel c, the prominent part of 
which, raising the end of the lever, dips the other end into the 
mercury, a spring d^ raising it out when the roller falls on the lower 
parts of the wheel. A break-piece formed of ivory and brass may be 
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substituted for tbis, but the oxide of the metal formed by the spark 
is such an imperfect conductor, that 8 cells haye no more effecA than 
1 with the mercury. D E are the binding screws for forming con- 

nexion wdth the battery; the op- 
posite screws are the ends of the 
secondary coil. On the same side 
of the base with the last (not seen 
in the wood-cut), is an ivory knob, 
which being turned, connects the 
ends of the secondary coil, either 
to diminish the primary spark, as 
the armature will then rotate for 
hours without burning the mercury, 
or to prevent tlie operator from re- 
ceiving an unpleasant shock while ad- 
justing the instrument. The ends of 
the thick w ire are passed through tho 
base, those from one pole soldered to 
E, those from tlie other to the mer- 
cury cup ; the pillar C, and binding 
screw D, are connected togetlicr. 
This machine W’orks very well with 
1 or 2 cells of Smee’s battery ; 
and with an intensity series of 8, 
the secondary current is exceed- 
ingly powerful, the spark passing |th of an inch through air ; 
with a battery of 10 of Sturgeon’s cast iron pots, the spark from the 
secondary coil passes 1th of an inch through air, and brilliantly defla- 
grates gold and silver leaf; the shock would be far too power Ful to 
be taken through the body, for when only two Angers are included in 
the circuit, it is sufficiently intense to he felt at the shoulders. Witli 
such a battery power the sparks from the primary coil are brilliant in 
the extreme ; and from the ease w ith which the ends of the secondary 
coil are united and disunited, viz., by merely turning the ivory knob, 
the instrument is admirably adapted for demonstrating at the lecture 
table the induction and reaction of electrical currents ; when the 
ends of the secondary, are disunited, the sparks from the primary are 
large and brilliant ; when united, they are small and faint.* 

• Bachboffner and Sturgeon appear to have first noticed that a bundle of iron 
wires insulated by a coating of varnisli, and intr(xluccd into the axis of the 
primary coil, give a more powerful induced cun’cnt than a massive bar of inm. 
Magnus and Dove (Peschel’s Elements of Physics, vol. iii., p. 237) tried to ascei’tidn 
the cause of this increased effect. They found that when the wires were enclosed 
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(1035) The electro-magnetic coil machine is from its convenience 
and portability admirably adapted for the medical administration of 
Electricity, and numerous are the forms which it has received for this 
purpose. Eig. 392 shows Messrs. Knight’s arrangement, which they 


Fig. 392. 



til US describe : Hound a hollow cylinder of w ood a considerable 
length of stout copper wire, covered with cotton thread for the pur- 

in a metal case, the force of the current was the same as if it had been sent 
through solid iron. But when the tube was slit, or when the wires were not 
enclosed at all, the efficiency of the current was greatly heightened. Dove f.>iiud 
on prosecuting his iiKjuiries still further, that two perfectly equal induction s])irals 
provided with different bars or sets of wires, even if they deflected the needle of 
a galvanometer equally, gave shocks of unequal intensities ; he therefore infen'ed 
that the increased physiologic^il effects depend partly on the internal structure of 
the iron, partly on the discontinuity of the mass, and that the greater effect is 
owing to the more rapid suspension of the current caused by this discontinuity. 
The greater intensity of the shock caused by rapidly establishing and breaking 
the contact of the battery admits of a similar explanation. 
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pose of insulation, is wound. The two ends of this coil are metal- 
lically connected with the binding screws P P on the base board of 
the apparatus (one of these is not seen in the cut) ; over this coil a 
very considerable length of much finer copper wire, also insulated, is 
wound. The two ends of this second coil are metallically connected 
with the binding screws S S. The coil of thick wire is the primary ; 
through it the current from the battery circulates, to which it is con- 
nected by means of tw'o stout copper wires, one proceeding from the 
silver and the other from the zinc clement, 2 ends of the wires 
being inserted respectively into the binding screw^s of the battery, 
and those representing the ends of the primary coil P P. The coil 
of thin wire, termed the secondary^ is destined to communicate to the 
patient the Electricity which is developed in it by induction every 
time contact between the primary coil and battery is broken and 
renewed. The breaking and renewing of the battery contact is 
effected by a little electro-magnet with a vibrating armature, placed on 
the stage of the apparatus, through w^hich, by a suitable contrivance, 
the current from the battery is caused to pass at very short intervals. 
The vibrating motion of the armature throws on and cuts off the 
electric current from the coil, and a rapid scries of shocks may thus 
bo communicated to a patient, being directed througli any part of his 
body, by means of the sponge directors shown in the figure. The 
wires to wliich the sponges are attached pass through tubes of glass 
which, while they serve as handles for the operator, prevent at the 
same time the shocks from passing through his own body. The 
inductive effects of the coil, or, in other words, the powder of the 
shock, is increased or diminished, by introducing into, or withdraw'ing 
the bundle of soft iron w^ires from, the axis of the wooden cylinder. 
The apparatus is packed in a convenient mahogany box, in which it 
is worked, but from which it is reiiibved in the figure in order to 
show its construction. 

(1036) Eig. 394 represents the author’s arrangement of the Medico- 
Electro-Dynamic Coil Machine, which is constructed with the object 
of regulating to the greatest nicety, not only the strength, but also 
the frequency in the direction of the shocks. It consists of a coil of 
about 100 yards of covered copper wire wound on a hollow core of 
wmod, in the axis of which a bundle of iron w'ires may be inserted, so 
as to combine the effects of magneto- with those of voUa-oliiCtvic 
induction. The coil is covered wuth black leather or velvet, and is 
fixed by screws to the base board of a platform, on the upper table 
of which stands a piece of clock-work apparatus, destined to give 
revolving motion to a brass disc, provided with platinum teeth or 
cogs, as seen in the figure. This clock-work is in metallic connexion 
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With one of the poles of the battery, which consists of two cells on 
Mr. Smee’s plan ; the other pole of the battery is metallically united 
through the coil with a small brass stage, to which is adapted a piece 
of steel spring tipped with platinum, and which is so arranged as to 
come into contact with each tooth or cog of the disc during its rota- 
tion ; by means of a screw, the degree of force with which ifc presses 
on the cogs is readily adjusted. 

The manner in which this machine acts will be clearly understood 
by reference to the general principles of volta^inductric action. When 
the battery circuit is completed through the coil, and contact esta- 
blished between one of the cogs of the disc and the steel spring, the 
current traverses the coil, and no sensible spark, or only a very feeble 
one, is perceived ; but the moment the spring leaves the cog, and on 
the consequent return of the wire to its natural state, a rejlex wave 
of Electricity, moving in a contrary direction to that of the battery 
current, is generated, and a bright spark is produced. Now this 
bright spark is not occasioned by any direct action of the battery, as 
Faraday has shown,* but by a force exerted in the wire of commu- 
nication, that is, in the coil ; and if 2 wires, connected respectively with 
either extremity of the coil, be brought almost into contact, at the 
very moment that contact with the battery is broken, the spark will 
appear at the interval between them, while that at the disc will be 
very feeble ; so also, if a fine platinum wire be interposed between 
the two cross wires, it will remain unaflected as long as the spring 
and the disc are in contact, but the moment the former leaves one • 
of the teeth of the latter, the platinum wire either fuses or becomes 
red-hot. 

The spark which passes between the cross wires is one of great 
intensity, and if the body be interposed, a shock, more or less violent 
according to the size of the cotl, is experienced ; if a bundle of iron 
w ires be thrust into the axis of the coil, it becomes insupportable. 
That this induced current does really move in a direction contrary to 
that of the battery current, may be proved both by the galvanometer 
and by chemical decomposition. If a galvanometer of no great 
delicacy be interposed between the cross wires, it will show a cur- 
rent in the direction of the battery current, as long as the spring 
remains in contact with the disc, a portion of the Electricity excited 
by the battery passing through the wire of the galvanometer ; but 
if the needle of the instrument be forced back by pins applied upon 
opposite sides of its two extremities, so as to retain it in its natural 
position, when uninfluenced by a current, and if then the spring be 
caused to leave the tooth of the wheel with w^hich it is in contact, 

♦ See his Experimental Researches, par. 1,078, et seq. 
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the needle will immediately be strongly deflected in an opposite 
direction, showing evidently that the induced current follows a 
course contrary to that of the battery. Again, if two platinum discs 
be covered with bibulous paper, moistened with iodide of potassium, 
and attached respectively to the ends of the two cross wires, a feeble 
evolution of iodine is sometimes, though rarely, obtained during the 
maintenance of contact, but the moment the spring leaves the cog 
the salt is decomposed in such a manner as to show the passage of 
a current in the reverse direction to that of the battery. 

From these facts it wdll be seen at once that we have in this 
arrangement of the coil a ready method of administering to a patient, 
either direct or inverse shocks at pleasure. In the front of the lower 
platform in the figure, and between the two supports of the upper 
stage, will be seen a small water regulator. This is interpCsed in 
the circuit of the coil, and by raising or depressing the upper wire, 
which is done in the most gradual manner by making it a screw, the 
intensity of the shocks may be modified to any required degree, and 
such perfect command does this simple arrangement give us over the 
power of the induced tliock, that we are enabled by means of it to 
apply this form of Electricity to so delicate an organ as tlie eye, or 
to administer shocks sufficiently severe to bring a stout man to his 
knees. The method of connecting the water regulator with the coil 
will be understood by the slightest reference to the figure. The 
clock work is so contrived as to give the disc one revolution per 
-minute. Several of these discs are provided each with a difierent 
number of cogs, and we have thus a convenient method of regulating 
the frequency of the shocks. The binding screw’s are marked respec- 
tively A and B, A representing the positive and B the negative pole 
of the battery ; at the moment of making contact, and during the 
time the current is circulating, not the slightest shock is experienced; 
but the instant the spring slips over one of the teeth of the disc, the 
shock passes from B to A. If, then, we wish to administer dh'ect 
shocks to a paralytic limb, say Fig. 393. 

the leg, we apply a sponge di- 
rector or saddle, moistened 
with salt water, and connected 
with B to the hip, a metallic 
plate in connexion with A 
being placed in a basin of sajt water, and the foot of the patient 
laid upon if, on the other hand, we wish to apply inverse shocks, 
we merely reverse th^^^ispositiou of the conductors. 

(1038) Muhmhorff* s Induction Apparatus. — In the year 1842, 
MM. Masson and Breguet constructed a coil with which they 





obtained a spark between the terminals of the secondary coil in 
vacuo, and also ignited platinum wire ; but from the imperfect way 
in whicb the wire was insulated, they could not obtain a sensible 
spark in free air, though they succeeded in charging a condenser. 
About the same time, Mr. Hearder, of Plymouth, constructed a 
powerful arrangement of primary amd^secondary wires under the 
form of a medical instrument for which, in Sep^iwnber, 1846, he 
received the silver medal of the Eoyal Polytechnic Society of Corn- 
wall. With this apparatus surprising electrical effects were produced ; 
strong sparks were obtained in air, Leyden jars were charged, and 
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a striking distance obtained of several inches through rarified air. 
In 1851, M. RuhmkorfF, of Paris, brought the induction coil to a far 
greater degree of perfection than it had hitherto attained, by paying 
the greatest possible attention to the insulation of the secondary wire, 
which after being covered with silk, was surrounded with a layer of 
gum lac, and the ends attached to glass columns fixed on the base 
board of the instrument; he likewise increased considerably the 
length of the coil, diminishing at the same time its thickness, having 
found experimentally that the inductive efiects of the apparatus are 
increased in proportion as the number of the spirals is augmented. 
As thus constructed, the instrument exhibited extraordinary effects : 
brilliant sparks were not only obtained at the points of disjunction, 
but also between the wire and a conducting body in communication 
with the earth, whilst in vacuo a brilliant and continuous stream of 
atraiijied light was produced. By interposing in the circuit of the 
primary or inducing wire a single condenser, as recommended by 
Fizeau, a further augmentation of power was obtained ; the sparks 
in free air were increased to nearly ifths of an inch in length, and 
were accompanied by a snapping noise, while the power of the 
shocks was exalted to such a degree as to be excruciating and even 
dangerous.’**' 

(1038) The induction apparatus as at present constructed by M. 
Eubrnkorff* is shown in Fig. 395. The bobbin is arranged horizon- 


Fig. 395. 



tally ; the core is of thin cardboard, and the ends are either of glass 
or of well varnished wood. The primary coil is a well insulated wire 
of about *078 inch in diameter; the secondary is a fine thin wire, 
the No. 36 of commerce. The extremities of the latter pass through 
tubes of glass at the end of^ieT)obbin, if the ends are made of wood, 
but simply throtigh holes drilled in them, if they are of glass. In 

* It is stated by Du Mbncel [Notice aur VAjppareU ^Induction EUctrique de 
JluhmJcorff), that M. Quet was so violently affected by incautiously exposing him- 
self to a shock from the coil, that he was obliged to keep his bed for some time. 
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the figure the extremities of the thick coil are attached to the columns I 
O, while the ends of the fine wire are inserted in the brass caps B C, 
insulated on glass columns. The wdres leading from the voltaic 
battery are attached to the screws A A on either side of the commu- 
tator K, L, Fig. Fig. 396. 

396. It is com- 
posed of a cylinder 
of ivory support- 
ed between 2 
copper uprights. 

On this cylinder 
are fixed by 
screws of un- 
equal size, 2 
metallic plates 
A C B D made lightly convex. The largest screws A and B, passing 
through the ivory, are inserted into the brass cylinders G and E; the 
smaller screws C D, arc merely sunk in the ivory; the copper uprights 
are in communication with the plates M and O, of the inducing 
circuits. On turning the button P, suppose the plate B D to be 
brought into contact with the spring B, in communication with the 
positive pole of the pile, the current will proceed in the direction of 
the arrows, entering the cylinder E along B, descending B I, and 
traversing the coil through M, will re-enter the commutator through 
O, and rising up 11, into the cylinder G, will proceed through the 
screw A, completing the circuit by A C, in communication with the 
negative pole. If, on the other hand, the plate B D, touch the spring 
in communication with the negative pole, it is easy to see that the 
direction of the current through the coil must be reversed. 

The interrupting apparatus is shown in Eig. 397. M is the fasci- 

Fig. 397. 




cuius of iron wires in the axis of the coil, the ends being surrounded 
by a hoop of polished iron ; E D is a lever terminated by a plate of 
iron D, called the hammer ; A B is a spring terminated by a massive 
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piece of copper B, called the anvil. The screw A is connected with 
one of the metallic strips which conyey the current to the primary 
.coil. The enijs B and E, of the hammer and anvil are tipped with 
finely polished platinum. The end of the lever E D, drops into a 
slit in the upper end of the column G I ; one end of the primary, 
coil enters the column at H. The operation of this interrupter is 
sufficiently obvious: - as long as the anvil and hammer remain in contact 
the current is closed, but under the influence of this current the 
fasciculus of iron wires becomes magnetic, and the iron head of tlic 
hammer is attracted, the current is thus interrupted, but at the same 
moment the iron wires lose their Magnetism, and the hammer again 
falls on the liead of the anvil ; this a<it restores contact, the hammer 
is again attracted by the remagnetized iron, and thus the current is 
interrupted and renewed with a rapidity the greater as the distance 
between the hammer and anvil is less. 

The Condenser . — This invention of M. Eizeau has been adapted 
to his coil with great eftect by M. Eulnnhorft* It con^jists of 2 
sheets of tin foil pasted on either side of a band of varnished silk, 
about 12 feet long, and folded between 2 other bands of the same 
silk, the whole being introduced into the interior of the wooden 
frame of the instrument. The coatings of this condenser arc in 
contact with G 11 (Eig. 39o), where they receive the extra current. 
The fupetion of tlie condenser is not very clearly understood ; accord- 
ing to Eizeau, it condenses and destroys by a sialic eflect the Elec- 
tricity of tension or induction which gives rise to the extra current 
in the induction wire, and which reacts on the induced current in 
the secondary wire, in a direction, contrary to that of the voltaic 
current. When the condenser is interposed tlie interruption spark, 
is seen to diminish in intensity, that of the induced current on the 
other hand is greatly increased. According to Earaday the action of 
the condenser is to diminish the intensity of the inducing current at 
the moment when it w'ould otherwise produce inconvenient results. 
At the first moment of the birth of a current in the wire, lateral 
induction is brought about at the expense of the direct induction in 
the body of the w ire, but as soon as the former has attained its 
maximum, then the latter (that of the wire) becomes proportional to 
the intensity of the pile. Thus on connecting the tw^o coatings of 
a Leyden phial by a long insulated wire, and presenting near 
the points of its attachment to the armatures, the two Q^ds of 
another ware, so near, that the resistance of the air shall be less than 
that of the wire, a great part of the discharge will take place across 
the air ; but if the w'ire be in contact with one of the coatings of a 
condenser, then no spark will be perceived between the* points ; and 
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it is for a similar reason that the spark in the interrupter, in Buhm- 
korfT’s apparatus is sensibly enfeebled. Paraday does not explain the 
function attributable to this condensation ; he oi^ says, that ii 
diminishes the intensity of the inducing current at the moment 
when it would otherwise produce wasteful results. It does not 
however, appear in what way this is rendered profitable, in the 
creation of an induced current, possibly by slackening the rapidity 
of the passage of Electricity, thereby giving the iron core a more 
energetic degree of Magnetism. 

(1039) According to Poggendorff’s view iPoqq. Ann., vol. xciv. 
p. 2), the function of the condenser is to draw away the Electricity of 
tension, which when the battery current is interrupted, accumulates 
at the two ends of the inducing coil, where it would otherwise be 
retained by the resistance of the air reacting on the fluid set in 
motion in the thin wire, and so diminishing its intensity. The same 
result is obtained by uniting the hammer and anvil by a long thin 
wire. The condenser docs not increase the quantity of Electricity 
set in motion in the secondary w ire, as may be proved by the galva- 
nometer, but it does increase vastly the physiological effects. In 
general, it increases the energy of the apparatus, wdienever there is 
a great resistance set up between the poles ; hence the great power it 
gives to the sparks in free air ; while in vacuo, W'here the resistance 
is small its influence is not seen. For the condenser to continue to 
act, it must be discharged before every interruption of the current, 
and this takes place in the form of a visible spark. The hammer then 
gives a double series of sparks, which though they cannot be sepa- 
rated by the eye, owing to their quick succession, are nevertheless 
distinguishable in character. The spark, on breaking contact, is 
alw ays w^eakened by the condenser, and the degree in wdiich it is so 
weakened, may be considered as a measure of the condenser’s action. 
These interruption sparks, as well as the discharge sparks, attack the 
hammer strongly ; there is a transfer of platinum from the more 
highly heated negatim to the positive pole, and if the negative or 
zinc end of the battery be connected with the hammer, and. the 
positive or platinum end w ith the anvil, the first only will wear away, 
and on the plate of the latter there will be a deposit of pure platinum. 
Instead of a long strip of coated silk, Halske employs as a condenser 
a single covered sheet of mica, about the octavo size, which he finds 
to act nearly as well. Poggendorff uses thin waxed paper, covered 
with a solution of shell-lac, and he found, that a condenser of this 
substance, or of gutta percha, was as effective, or nearly so with 
respect to the length of the induction spark, when it contained on 
each side 4, or 9, or 16 square inches, and that it was nearly as eflfec- 
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tive as the long oiled silk of Pizeau. The sole advantage, according 
to this eminent physicist which the great condensers possessed over 
Jbhe small one^ was that the former gave less noisy sparks than the 
latter, and that the sparks followed one another more quickly. His 
experiments were, however, made with the current from one or from 
two pairs of Grove’s battery ; with larger batteries the relations 
between the actions of the different condensers would be different. 
The small condensers do not act w'ell when the primary wire is 
lengthened ; in fact, they then become almost useless. With a primary 
wire of a millimetre thick and 1,000 feet long, the condenser of 
1 square inch surface was found to be without effect. Again, the 
action of the condensers depends essentially on the induction coils : 
when instead of using a very thin induc^tion wire 10,000 feet long, 
Poggcndorff used one of thicker wire, and 2,400 feet long, the small 
condensers actually wealcened the sparks between the ends of the 
wire ; on the contrary, the oiled silk large condensers still retainedp 
their energy of action, and it was clearly perceptible that the con- 
denser 8 feet long was superior to that 2 feet long. It appears, 
therefore, that the more intense and energetic the inner induction or 
extra current is made, the greater the condenser must be, to obtain 
the most energetic development of sparks. A most extraordinary 
fact was discovered by Poggcndorff during these researches, viz., 
that by making the contact breaker act in a partial vacuum, the 
condenser may be dispensed with, the sparks from the induction coil 
being quite as strong, indeed in some cases stronger, and the lumi- 
nous phenomena in the electric egg, quite as well developed without 
the condenser as with it. Poggendorff thinks that the cause of the 
action of the hammer in vacuo, is of the same nature with that of 
the conden.ser. 

(1040) M. Poggcndorff {Annalen, vol. xciv., p. 2, and JPhil. Mag.^ 
1855) divides the coil into several parts, the ends of the wire being 
made to run out at opposite extremities. If the layers extend with- 
out interruption from one end of the coil to the other, the tension of 
the Electricity, must increase from the middle towards each extre- 
mity, and the lateral passage of sparks is thereby much facilitated. 
Instead of covering the silked w'ire with absolution of shell-lac in 
alcohol, Poggendorff recommends a mixture of wax and oil, or 
paraffine. He coils the wire round a glass cylinder, at the extremities 
of which are rings of gutta percha ; he then covers it well with wax 
and binds it to its wooden stand with strong rings of gutta percha. 
This primary wire is 1 millimetre (*039 inch) thick, each of its halves 
being 100 feet (French) long.* The secondary or induction coil in 
* 1 Paris foot = 12 789 English inches. 
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one of his instruments is 10,000 feet (Parisian) long, and makes 
16,000 windings in 8 parts, each of which contains 33 layers. The 
diameter of the wire is 0*15 millimetre ; the coils ant 52 Parisian* 
inches long, their internal diameter IS inch, and external diameter 
2| inches. The induction wire of another coil is 2,400 feet long, 
each of its parts containing 19 layers ; diameter of the wire 0*25 
millimetre. Notwithstanding the insulation, internal sparks passed ; 
the phenomena of sparks and tension are described as having been at 
first wonderful, but after a quarter of an hour, the action decreased 
considerably. At first with two j)airs of Grove’s, a spark could be 
obtained at a distance of 12 millimetres, but afterw ards it sunk down 
to 9-5. It is wrong, therefore, to strain the coil too much, when the 
current is broken so as to obtain sparks in air, because the Electricity 
then possesses great tension. When used to take sparks in a partial 
vacuum, great insulation is not necessary, the tension of the Electri- 
city being much less ; and as soon as the resistance of the partial 
vacuum is small in comparison to that of the induction wire, an 
increase in the length of the wdre docs not add anything to the bril- 
liancy of the phenomena. For obtaining sparks in air, and for other 
phenomena of tension, the most perfect insulation is required, and 
the thicker the insulating medium the bettor. 

Poggendorff rocommends. 1^. That the wire be not less than i 
of a millimetre in diameter. 2^. That it be covered with very thick 
silk. 3°. That the insulating medium be liquid, sucli as rectified oil 
of turpentine, 4°. That the coil, instead of being cylindrical, should 
liave a solenoid or spindle shape, because the inducing coil and the 
soft iron core arc most efiective in the middle. The soft iron cores 
lie uses are composed of a bundle of wires 0*45 millimetres in diame- 
ter ; they are heated to redness, cut into pieces of convenient length, 
bound ill a bundle with silk thread, and put into a paper covering, A 
core 6 inches long and 13 ounces in w^cight, contains 4,200 wires ; but 
it w'as' found that a hollow core of wire, containing an empty cylin- 
drical space '2 of an inch in diameter, was quite as effective as a 
solid one, nor was the action of the coil increased when a massive 
bar of soft iron was introduced into the hollow axis. Under other- 
wise equal circumstances, the inducing action* of a current, just 
as its magnetic action, is a product of the intensity and length. 
1 fence a short thick wire and great intensity of current may some- 
times be advantageously replaced by a long thin wire and small 
intensity of current. 

(1041) J^henomena of the Induced Current, 1°. The SjparJe in Air 
—Taken between two wires of sufficient thickness, it appears under 
the form of a bundle of 3 or 4 darts of fire, more or less curved, and 
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passing between different parts of the Bheojpihores ; between larger 
surfaces the sparks pass at longer intervals, but with greater noise 
. and energy. ^ When the interruptions of the primary are slow, the 
sparks are longer than when they are rapid, time being required for 
the development of induction. If two zinc wires be used as rheo- 
phores and brought within striking distance of each other, the nega- 
five pole only will become red hot and burn, so tliat this property 
may be taken advantage of to determine the direction of the induced 
current in the place of a galvanometer. It must here be observed 
that although when the poles of the induction coil are connected by 
a metallic wire, or by a good conducting liquid, there are two alternate 
currents moving in opposite directions, according to the well knowm 
principles developed by Earaday {Ex. Besearch.^ x., &c.). Yet, when 
the poles are separated by a thin stratum of air, one only of the two 
induction currents acts, that namely due to the breaking of the 
galvanic current ; the other, that produced by closing the current is 
stopped off from the secondary wure, being expended in the primary 
wire itself. The secondary wire gives then a series of intermitting 
currents, all of which have a common direction ; it has, in fact, fixed 
poles, and chemical decompositions are obtained in accordance with 
the voltaic law. 

As a proof of the difference of electrical tension in the two poles, 
sparks may be drawn from tlie exterior cud of the helix, but not from 
the interior ; but by connecting two coils properly together, a current 
having poles of equal tension may be obtained. 

(1042) By attentively watching the spark in the dark, it is seen 
to be surrounded with a sort of yellow-green atmosphere of greater 
or less thickness, according to the force of the pile. It is generally 
of an ovoid form, and seems to be collected principally round the 
negative pole. It is probably due to the high temperature imparting 
a luminosity to the circumambient air. A curious appearance is pre- 
sented w^hen a steady current of air is propelled from the lungs or 
from a bellows upon the spark taken between two metallic w ires, the 
luminous atmosphere becomes expanded into a large mass of irregular 
violet-coloured flame, surrounded by bundles of rays, the spark itself 
not appearing to undergo any variation. The influence of heated air 
in deviating the spark is well seen by bringing the rheophores in the 
vicinity of a candle ; the spark takes a curved form to get into the 
flame, though its passage is thereby lengthened ; in the centre of the 
flame, it expands into a sphere of white light. When the rheophores 
are of unequal size, the darts of fire spread out on the larger surface, 
especially if this be the negative, the luminous atmosphere then 
becoming conical. If the negative rheophore be terminated by a large 
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metal plate, the- surface of which is either dirty or covered with very 
fine powder, the positive being simply a wire, the spark spreads over 
the metal plate like a splash of water, or like the leaves of a tree, the. 
extension varying with the size of the plate. If the negative plate 
be polished, this appearance is 
not presented, the spark leaves 
on the plate the imprint of its 
passage (^Qrove^s experiment^ 

(554), and round the striking 
point a coloured ring is seen 
analogous to that produced by heat on a copper plate. 

In this ring, that surrounding the central point Fjg 399^ 
is hlue^ round it is a diffused hroion ring. If 
the negative rheophore be in contact with a surface 
of water, the spark ramifies like the root of a tree, 
and if a few drops of oil be poured on the water, 
the root-liko rays become terminated -with white 
luminous globules, having the appearance of a tree 
loaded with fruit. Between charcoal points the 
light is very brilliant, and when the poles are brought near, quite 
white, like those between the charcoal terminals )f the voltaic battery. 
Cork rendered conducting by immersion in sulphuric acid, or leather 
moistened wdth acidulated water, gives a still more brilliant light — 
both the cork and the leather being carbonized and burnt. It is 
singular that these substances thus once rendered conducting by 
acid, retain their conducting power for a long time after the acid has 
evaporated. When one of the terminals is immersed in mercury, the 
spark is brilliantly white and diffused. 

(1043) If the coil be vigorously excited with 4, G, or 8 pairs of 
Grove’s battery, ajid tlie spark ])assed through a glass tube by means 
of wdres hermetically sealed into its sides, and the ends about iV of 
an inch apart, red vapour s are formed in from 10 minutes to 5 an 
hour, proving that the oxygen and nitrogen liave entered into chemical 
combination. Becquerel and IVemy have proposed this experiment 
as a test for nitrogen. In condensed air the spark is shorter and 
more collected, as is the case with ordinary Electricity. In rarefied 
air, on the contrary, the spark receives a wonderful development, but 
is less intense in light. In hydrogen the spark is feeble and very 
red ; in carbofue acid it is vivid and white ; in oxygen and nitrogen^ as 
in air, perhaps more brilliant in oxygen ; in hydrochloric acid gas^ it 
has a very characteristic blue tint. Ozone may bo produced by the 
induction spark, either directly or indirectly. In the former case 
the spark is taken between two wires sealed into a tube filled with. pure 
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dry oxygon ; the sparks must not be continuous, but must succeed 
one another slowly and gently ; before sealing up the tube a strip of 
paper, covered with starch and iodide of i)otas8ium, is introduced — it 
soon becomes blue (545). In the latter case the sparks must be made 
to stream over the outside of the tube. To succeed in these experi- 
ments, no foreign bodies must be present. 

(1044) 2°. The Induction Sparh in Liquids, — In all good con- 
ducting liquids, there is, of course, no spark ; but in those liquids 
which conduct either imperfectly or not at all, short crackling sparks 
arc obtained. In oil the sparks are greenish white, in alcohol they 
arc red and crepitating; brilliant sparks are obtained in spirits of 
turpentine and in sulphur et of carbon. If some oil be poured on the 
surface of water in a glass vessel, and one of the rheophores, covered 
with gutta perch a, introduced beneath the water, and the other 
immersed in the oil within striking distance, strong crepitating 
sparks are obtained and hydrogen gas is liberated, which burns on 
the surface of the liquid. Betwxen a pair of Wollaston’s “ guarded” 
poles (211), a continuous light may be kept up in acidulated water, 
or in solution of sulphate of copper. 

(1045) In the year 1853, M. Masson {Trize Lssny, Haarlem) 
made a series of experiments by which he proves that a condenser 
may be charged by the induction coil machine. He placed the two 
poles of the coil in connexion with the cofitings of the condenser, which 
coatings he at the same time connected with an insulated Lane’s dis- 
charger, the balls being -sV of an inch apart ; he thus obtained a 
permanent discharge surpassing in intensity that of the direct dis- 
charge of the apparaius in a degree proportional to the size of the 
condenser and the number of the elements of the pile. Grove and 
Gassiot have since repeated these experiments on a much larger 
scale (Phil. May., Jan., 1855), and with results of a singularly 
•interesting character. When a pint Leyden phial was interposed 
between the terminals of the secondary coil, the exterior pole being 
connected with the interior of the jar, the noise and brilliancy of the 
discharges wore greatly increased, but no advantage was gained by 
increasing the number of the cells of the battery ; on the contrary, 
the platinum contact-breaker was thereby rapidly burnt ; wdien, how- 
ever a Leyden phial of double the capacity was employed, the bril- 
liancy of the discharge spark was again increased, and on adding 
more coated surface, a further addition could be made to the battery, 
with a further increase in the effects, and without any injurious action 
taking place at the contact breaker. With a powerful apparatus in 
the possession of Mr. Gassiot, as many ns 30 battery cells and 5 
square feet of coated surface were used ; the effects were very 
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striking — a roar of voluminous discharge 0*6 of an inch long, 
increased to 1*5 inch when the flame of a spirit lamp was placed 
between the terminals. “ I have never,” writes Mr. Grove, ‘‘witnessed^ 
such a torrent of electrical discharges — the noise could not be borne 
long without great discomfort. ... It is very curious to see the 
absorption, so to speak, of the voltaic power by the Leyden battery : 
when the maximum eflect for a giv^ii Leyden jar has been passed, 
the contact breaker shows by its sparks the unabsorbed indifced 
Electricity, which now ajipears in the primary wire ; an additional 
jar acts as a safety-valve to tlie contact breaker, and utilitizes the 
voltaic power, and so on.” 

(1046) The difference between the ordinary induction spark and 
that produced when the secondary terminals are connected respec- 
tively with the inner and outer coating of a Leyden jar is very 
striking ,* in the former case it is flame-like, soft, and quiet ; in the 
latter, it is bright, sonorous, find apparently large ; but while the 
rattling spark cannot fire wood, paper, or even gunpowder, the soft 
spark at once inflames either of them. The effect of the static 
induction thus introduced is not so much to vary the quantify of 
Electricity which passes, as the time of the passage. That Electricity 
which, moving with comparative slowness through the great length 
of the secondary coil, produces a spark liaving a sensible duration 
(and therefore in character like that of a Leyden jar passed through 
a wet thread) is when the jar is used, first employed in raising up a 
static induction chargi% which, when discharged, produces a concen- 
trated s])ark of no sensible duration, and therefore much more 
liiininous and audible than the former. The following experiment of 
Earaday (^Notices of the Meetings of the Iloyal Institution, J une 8, 
1855) well illustrates this difference in the character of the two 
sparks : A piece of platijium wire is fixed horizontally across the 
ball of a Leyden jar, and the platinum wire secondary terminals 
brought respectively near its ends ; two interruptions are thus pro- 
duced in the secondary circuit, the sparks at which are like each 
other and equal in quantity of Electricity^ the jar as yet forming 
only an insulating support. But if, in addition, either secondary 
terminal be connected by a wire with the outside of the jar, the 
spark on that side assumes the bright loud character before described, 
but ceases to fire gunpowder or wood ; and no one would at first 
suppose — what is really the case — that there is the same Electricity 
passing in one as in the other. If one of the secondary terminals 
be connected with the outside of the Leyden jar, and the other be 
continued until near the knob, a soft spark appears at that interval 
for every successive current in the primary circuit. This spark is. 
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however, double; for the Electricity thrown into the jar at the 
moment of induction is discharged back again at the same place the 
instant the induction is over. The first discharge heats and prepares 
fde air there for the second discharge, and the two are so nearly 
simultaneous as to produce the appearance of a single spark to the 
unaided eye. In all these experiments the exterior pole of the induc- 
tion wire must be in contact the knob of the jar ; if, however, 
tim jar be insulated as in Pig. 400 it is immaterial which way the 


Fig. 400. 



connexions are made. The discharge takes place between a and h, 
and a strip of writing paper moved slowly across tlie lino of dis- 
charge will become punctured with a row of holes, winch will bo the 
more closely approximated in proportion as the su(a‘essioii of dis- 
charges is more rapid. When two coils are properly connected 
together through their primaries and secondaries, and a baiterv of 
from 10 to 15 cells of Grove employed, the extent of coated surface 
may be increased to 7 square feet, and the discharges arc then most 
magnificent, fully *75 of an inch in length, piercing stout card, and 
accompanied by an almost insupportable noise. 

(1047) Transmission of the Induced Current through 'Rarefied Air — 
Gassiofs Cascade . — Perhaps the most beautiful experiment that can 
bo made with the induction coil is the following, described by IVlr. 
Gassiot {Phil. Mag., vol. vii., p. 854), Two-thirds of a beeker, 4 
inches deep by 2 inches wide, are coated w ith tin foil, leaving 1*5 
inch of the upper part uncoated. • On the plate of an air-pump is 
placed a glass plate, and on it the beeker, covering the whole wdth an 
open-mouth glass receiver, on which is placed a brass plate having a 
thick w ire passing through a collar of leathers ; the portion of the 
wire within the receiver is covered w ith a glass tube ; one end of the 
secondary coil is attached to this wire, and the other to the plate of 
the pump. As the vacuum improves, the effect is truly surprising : 
at first a faint, clear blue light appears to proceed from the low’er 
part of the beeker to the plate, this gradually becomes brighter, 
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until by slow degrees it rises, increasing in brilliancy until it arrives 
at that part, which is opposite, or on a line with the inner coating, 
the whole being intensely illuminated ; a discharge then commences 
from the inside of the beeker to the plate of the pump in minufe 
but diffused streams of blue light; continuing the'exhaustion, at last 
a discharge takes place in the form of an undivided continuous 
stream, overlapping the vessel, as iftlthe electric fluid were itself a ' 
material body running over. If the position of the beeker be 
reversed by placing the open part on the plate of the air-pump, and 
the upper wure is either in contact or w ithin an inch of the outside 
of the vessel, streams of blue lambent flame appear to pour down 
tlie sides to the plate, while a continuous discharge takes place from 
the inside coating. The following experiment is also a very beauti- 
ful one : cut out a design, such as a letter, a star, or a head, on a 
piece of tin foil, and paste it on a thin 
piece of glass or talc ; j)astc an entire 
piece of foil on the other side also, con- 
nect tlie latter with the negative pole 
of the coil, and by means of a glass 
rod bring the positive pole into contact 
wdth the flgure, which, in the dark, 
will become brilliantly illuminated, 
throwing out on all sides long rays of 
blue light, which may be increased by 
blowing gently upon it. 

(1048) iVIr. Grove, in his investigations to determine the electro- 
caloriflc eftects due to the polar .reactions of induced currents on 
metallic plates (550), made among other experiments the following, 
lie put a piece of carefully dried phosphorus in a little metallic cup, 
and covered it with a receiver having a cap and wire ; on making a 
good vacuum, instead of a simple diflused light, he obtained a light 
completely stratified, that is to say, divided transversely to the 
direction of the jet by a multitude of very straight and mobile dark 
bands. About the same time {Th. Du Jiloncel) lluhmkorff noticed 
the same phenomenon in an alcohol vacuum, viz., magnificent vibrating 
stratifications in the middle of the red light issuing from the positive 
pole. These phenomena were studied in 1852 by M. Quet {Compf, 
Rend,^ Dec. 1852). When the poles are about 3 or 4 inches 
apart in an excellent vacuum produced in the electric egg (Fig. 402), 
two distinct lights are produced differing in colour, form, and 
position ; that round the negative ball and wire is blue — it envelopes 
it regularly ; that round the positive is fire-red — ^it adheres to one 
side and stretches across towards the negative, and has for its lateral 


Fig. 401. 
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limits a surface of revolution about the axis of the receiver. On' 
close examination this double light is seen to have a singular con- 
stitution: it is stratified, being composed of a series of brilliant bands 
separated from each other by dark bands. • These are best obsened 
in vacua of wood spirit, spirit of turpentine, alcohol, naphtha, and bi- 
chloride of tin, and the vacuum must be as perfect as the best air- 
pump can make it The appearance is then that of a pile of electric 
light. In the red light, the brilliant bands approaching nearest to 
the negative ball have the form of capsules — the concave part being 
turned towards the ball; their position and figures are sensibly fixed, 
so that it is easy to sec that there is a rotation of continuity in 
passing from one to the other. The extreme capsule does not touch 
the violet light of the negative pole, being se])arated from it by a 
dark band, greater or less according to the nature and perfection of 
the vacuum, that with spirit of turpentine giving the greatest. 
Pig. 402 presents an accurate representation of this singularly 
beautiful phenomenon. 

Fij'. 402. (1049) There are a multitude of bright beds 

in the red light, varying in colour and form 
according to the media, the degree of exhaus- 
tion, and the distance between the balls, the 
greatest variety being with bichloride of tin, 
but they are not fixed in position. If the balls 
are some distance apart they have an undulating 
motion, if nearer they seem to have a gyratory 
movement round the axis of the receiver. 
Since the two -stratified lights of red and blue 
are in most vacua separ ated by a dark red band, 
M. Quet thought that by approiiching the two 
balls nearer to each other, one of the lights 
might be extinguished while the other was pre- 
served, and this actually was the case in an air 
vacuum when the positive ball was well polished, 
but in those vacua in which the red light is 
excessively developed round the positive ball 
the extinction is not complete. In all cases 
the blue light so far from disappearing or 
becoming weaker when the red light has dis- 
appeared, is considerably extended. M. Quet found that when a 
galvanometer was interposed at the circuit, no current was indicated 
as passing through the electric egg till the exhaustion was tolerably 
good, and the light.continuous ; the needle then became permanently 
deflected. The first light that appeared was the red round the 
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positive ball, but it is not until the exhaustion becomes very perfect, 
that the blue light becomes well developed and extended round the 
negative wire ; if then the two balls be brought nearer together, 
the deviation of the needle of the galvanometer sometimes reaches 
80°. Thus the facility of the transmission of the induced currents 
depends on the perfection of the vacua and the distance between the 
balls. 

(1050) Grove’s beautiful experiment with phosphorus is made in 
the following manner : A small piece of perfectly dry phosphorus is 
placed in a small platinum capsule, on the lower ball of the electric 
egg ; to keep the receiver dry, a stick of caustic potash is suspended 
in a tube from the upper wire, the exliaustion is then made as perfect 
as possible, when the crimson light becomes gradually furrowed with 
beautiful stratifications, through a length which may be extended to 
12 inches ; and w hen once obtained, the experiment may be stopped, 
and after 20 minutes or more, resumed w'itli more brilliancy than 
before. The cause of these stratifications is not at present known, 
but tlicy depend, not only on the nature 
of the vapour, but on the form of the 
receiver, and the tension of the current. 

With a battery of 80 pairs of Grove, 
they cannot be obtained at all, the 
receiver being then filled with a brilliant 
white light. 

A light (though less red and brilliant) 
may be obtained from one pole only, that 
of the exterior wire, which, as we have 
seen, possesses Electricity of the greatest 
tension ; and if the vacuum be" very 
good, this light may be made to bifurcate 
by placing the finger against the outside 
of the glass, as shown in l^^ig. 408. 

If a considerable resistance be intro- 
duced into the induced circuit, or if the 
two currents are made to circulate in 
opposite directions through the re- 
ceiver, the red light disajipears from the 
positive pole, giving place to a blue 
light ; the positive and negative lights are now the same, the ap- 
pearance in the egg being as represented in Fig. 404. According to 
Masson, a proof is here aftbrded of the circulation of two currents 
moving in opposite directions along the same wire. Gaugain refers the 
phenomenon to an action of resistance, charge and discharge taking 
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place across the induced wire without any passage of 
the current. The resistance alluded to may be best ao 
complished by interposing a condenser between one of 
the rheophores and one of the balls of the egg. A 
uniform blue light is thus obtained round both balls, 
wiiich with a good exhaustion may be stratified. 

In the Torricellian vacuum the induction spark is 
white, filling the whole tube. 

(1051) Transmission of the Induced Current across 
Secondary Conductors, — Certain substances, such as 
very thin metallic leaves and powdered charcoal are 
sutficiently good conductors to allow the passage of 
electricity, but not without the phenomena of light. A good 
wa} ol exhibiting the action of secondary conductors with the 
Kuhmkorff coil is to employ a gilt-edged book ; sparks from 1 to 2 
inches long may thus be obtained. It is also shown in a verv 
brilliant manner by sprinkling finely powdered metallic dust on a 
garnished board; induction sparks, or vnihQv furrows offre^ 2 or 
inches long, may thus be obtained ; with fine copper filings the colour 
of the fire is yellow green ; with zinc it is blue, with iron red ; and 
with steel scintillating. Another method is to smear a drop of water 
with the finger over a varnished board, and to pass the spark across 
it ; it is thus obtained very brilliant, the colour depending on the 
thickness of the stratum. The part played by the vapour of w ater, 
rain, and currents of air unequally dilated, acting as secondary con- 
ductors, is evidently very important during siorms ; they facilitate 
the passage of the lightning, the great length and zigzag character of 
wdiich may thus be explained. 

(1052) The luminous spectrum produced by taking the spark from 
the induction coil between diflerent metals has been studied by 
Masson {Memoires de V Academic de Haarlem, 1853). Between 
cadmium terminals the blue and green rays were beautifully 
developed, more beautifully perhaps than with any other metal ; 
antimony and bismuth g^ave brilliant rays of a pure white colour ; lead 
was remarkable for the great extension of the violet part of the 
spectrum, and for the great beauty of the rays given by this colour ; 
zinc was characterized by the extent of the apple-green colour of its 
spectrum ; silver, by the surpassing brilliancy of green ; gold wal 
more yellow* than silver, and emitted a* multitude of remarkably 

brilliant rays. 

(1053^ Chemical Effects of the Induced Current :^The induced 
currents of the secondary coil may produce two distinct chemical 
effects, according as they pass along the electrolyte in the state of 
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luminous discharge, or in the state of iarh discharge. In the latter* 
case the decomposition is electrolytic ; but in tlie former, the medium 
across which the discharge takes place, is highly heated in the 
vicinity of the poles ; here alone, therefore, the decomposition takes 
place, and the gases are mixed. M. Masson calls this kind of decom- 
position photo-electric, the former hamg polar. According to Grove, in 
the photo-electric decomposition of water there is excess of hydrogen 
when the water is only feebly acid- Fig. 405. 

ulated or alkalized ; when the water 
is rendered a better conductor, the 
excess of hydrogen vanishes; and 
after it has reached its maximum 
of conducting power there is excess 
of oxygen. 

In order to produce a decompo- 
sition of water, such that the tw'O 
gases shall be mixed at'both poles, 
a pair of Wollaston’s guarded points 
(211') must be used, the wires not 
projecting beyond the glass ; sparks 
then pass. If one of the wires be 
soldered to a small plate of platinum 
(Fig. 405) all tlie action is concen- 
trated on the other wire, and now* we 
have an evolution of tlie mixed gases 
at one pole only 

To produce true polar decompo- 
sition, the platinum wires must pro- 
ject beyond the glass tubes, as shown in Fig. 400. 

Therapeutical Applicatiom of the Induction Coil Apparatus . — 
The induction shock being exceedingly violent, great care is 
required in administering it ; it should never be attempted without a 
water regulator. The inner end of the wire is kept in permanent 
contact with the body of the patient, and the operator excites the 
spark w ith the exterior pole ; or sparks may be excited by simply 
touching the part to be electrized wdth the exterior pole, the patient 
not touching the inner end of the wdre, in w hich case no water regu- 
lator is required. When the current is employed, it must be 
graduated most carefully, which may be done by interposing greater 
or less resistances. If the rheophores are very fine wires, the points 
alone being applied to the part afiected, the shocks infinitely 
weaker than when metallic plates or wet sponges are used. To avoid, 
however, the calorific effects, it is better to employ for the rheophores 
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small glass tubes filled with water, the points being filed off. In 
extreme cases, such as in asphyxia, and in obstinate cases of paralysis, 
tlje condenser may be employed. Supplementary rheophores are then 
put in contact with the coating of a Leyden jar and the other wires 
used for transmitting the shock through tlie patient. 

Very energetic, but not painful, muscular contractions may be 
obtained by circulating through the fine wire of the apparatus the 
current from a small battery of 8 pairs of Daiiieirs cells ; the physio- 
logical action is then entirely due to the extra current, that is to the 
reaction of the voltaic current on itself. To one of the poles of the 
secondary, one of the rheophores of the pile is attached ; to the other 
pole is fixed a wire terminated by a sponge, plate, &c. ; the other 
rheophore of the pile is attached to another plate or sponge. These 
two plates or sponges arc then applied to the part to be electrized, 
and contacts arc broken and renewed by the hand holding an insulated 
wire. 

(1054) Since the foregoing observations ifpon tliis interestingappa- 
ratus were -written, "we have had an opportunity of comparing 
Euhmkorff’s instrument with one constructed by Mr. Hearder of 
Plymouth. The bobbin upon which the wire of this coil is wound is 
6 inches in length, the coil itself being about 4.J inches thick. The 
quantity of secondary wire is about 3,000 yards (No. 35) . The length 
of the primary is so adapted to the electro-motive force of tlie battery, 
as to enable it to develope in the iron core the highest amount of 
magnetic power ; the energy of the instrument depending according 
to Hoarder’s view entirely on the degree of magnetization of the iron, 
and being quite irre8])ective of any peculiar arrangement of the 
primary wire. The iron core is, as in Eulnnkorif’s instrument, a 
bundle of small wires capped with solid ends, through one of which 
passes transversely to the axis an iron adjusting screw serving to 
regulate the distance between the end of the core and the iron arma- 
ture on the end of the vibrating spring, which acts as the contact 
breaker. This spring is a very strong one, having a platinum stud in 
the middle of its length, which makes contact with a ])latinum spill 
below; the spring being strong, and the armature heavy, the vibrations 
are r^id, and the contacts very firm. The sparks between two 
platinum terminals followed one another with great rapidity through 
Jive-eighths of an inch in air, the primary wire being excited by 4 cells 
of Grove’s battery; the discharge in vacuo was very magnificent 
through several inches, though (contrary to the statement of 
Poggendor^), when the conductor was turned off, a very feeble 
discharge through not more than two inches could be obtained. 
When a Leyden jar containing 3 square feet of coated glass was 
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interposed in the circuit of the secondary, as in ¥ig. 400, a battei^ 
of 10 cells being employed, a remarkably sonorous and vivid discharge 
was maintained in an uninterrupted manner. The noise of the 
discharge was decidedly greater, and the light more voluminous and 
bright than with RuhmkorfTs instrument similarly excited. 

(1055) In adapting the condenser to his induction coil. Hoarder has 
been guided by considerations derived from a laborious course of 
experiments. He found that the action of the condenser depends 
much upon the arrangement of the primary wire, and that with 
certain modifications of this 'element the action of the condenser is 
much diminished ; for example, supposing only one wrire to be used, 
the amount and intensity of the current induced in this wire will be 
in proportion to the number of its convolutions, and the magnetic 
intensity of the core inducing upon it. Accordingly, w hen a long 
primary wire is used, and a voltaic current is passed through it 
capable of developing a high magnetic intensity in the core, the 
secondary current, on the interruption of the circuit, is possessed of so 
high an amount of electrical tension that a static spark immediately 
passes betw een the ends ; but if these ends be respectively connected 
with the opposite coatings of a condenser, the static intensities are 
exerted in charging the latter, by wdiich the tension is so far reduced 
that the spark is now^ unable to overleap the distance, and the electric 
current is thus made to react upon itself, the coatings acting, as it 
w'ere, like two springs. Now, if the length of the primary wire be 
increased, maintaining at the same time its conducting quality by 
increasing its size, the secondary current soon acquires intensity 
enough to break through the non-conducting medium of the con- 
denser, and strong discharges can be heard in the interior, and this 
took place wdien the condenser consisted of SO square feet of coated 
oiled silk, arranged either as one large condenser or in the form of 
three smalh^r ones connected together. It was found, moreover, that 
the increased action of the secondary wire did not bear the same 
ratio to the increase of battery power after the sparks had begun to 
appear in tlie condenser as it did before, 'Prom these results it would 
appear that w e should not endeavour to increase the effect of the 
machine by an intensity battery and a long primary coil: but rather 
by a quantity battery, ccftisistiiig of a few’ large elements and a shorter 
but stouter wire, which w ill give the same available magnetic intensity 
in the core for the production of the current in the secondary wire 
without developing in the •primary wire a current too great for the 
condenser to dispose of. 

The shock which the condenser gives to the system, when the 
hands are applied to the coatings, increases with its size, and is at 
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times exceedingly violent ; whilst the primary "^re, without the con- 
denser, scarcely gives a shock that is appreciable. Hearder constructs 
^jis secondar}" coil independent of the primary, by which arrangement 
he is enabled to use different lengths anli thicknesses of the latter to 
suit different arrangements of the voltaic battery, as for instance, a 
short stout coil for a quantity battery, and a longer and thinner wire 
for batteries containing a greater number of smaller elements. In 
the insulation of his wire he does not cement the whole together 
with melted shell-lac, so that he can at any time wind off the secondary 
for the purpose of examining any defects in it, or for altering its 
arrangement. He finds common cartridge paper an excellent material 
for the condenser. 
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CHAPTER XX. 

THE ELECTRIC TELEaRAPH. 

History — Leaagc — Lomond — Reiser - Salva — Ronalds — Soemmering — Amj)ere — 
Gauss and Weber — Steinheil — Morse — Alexander — Cooke and Wheatstone — The 
five-needle Telegrajih — The single-needle Telegraph — The double-needle Tele- 
graph — The earth circuit — The magneto-electric Telegraph — Henley — Bright — 
The French Telegraph — Froment — Electro-magnetic clocks — Bain— Shepherd, 

(105G) The Electric Telegraph, — The idea of employing Elec- 
tricity as an agent to effect communication between distant places, 
is of no recmit date ; for almost as soon as it became known that 
conducting wires had the power of transmitting Electricity in- 
stantaneously through distances of several miles, it occurred to 
several Electricians, that correspondence between distant parties 
might be accomplished by electric action. In 1747, Dr. AVatson, 
Bishop of Llandaif, with several other philosophers, made experi- 
ments at Shooter’s -Hill, which showed tliat electrical discharges 
from a Leyden jar ctould be propagated through a distance of 
upwards of 4 miles, without any appreciable loss of time, although a 
considerable portion of the circuit was formed of land and water. 
The success of tliese experiments appears to liave given rise to the 
first ideas of forming electric telegraphs, by means of which distant 
parties might hold corrcs])oiidence. Prom the time that Dr. AVatson 
made his experiments at Shooter’s Hill, there have been many con- 
trivances for applying electric agency to telegraphic communication. 
Before 1750, AV^inklcr, at Leipsie, discharged Leyden jars through 
very long circuits, in some of which a river formed a part ; Le Mon- 
nier, at l^iris, produced shocks through 12,7is9 feet of wire ; and 
it is said that Betancourt, at Aladrid, discharged electric jars through 
a distance of 20 miles. 

(1057) The first distinct proposition to employ Electricity as a 
mode of telegraphic comnuuiicatioii, appears to have originated with 
Lesage, who, in the year 1774, established in (Geneva an electric 
telegraph consisting of 24 metallic wires, well insulated from each 
other, and each in communication with a small pitli ball electrometer, 
which could be diverged by an electrical machine, and caused to 
point to a letter or any other comentional signal; and by this means 
a communication between two distant places was proposed to be 
established. A few years later, M. Lomond (Young’s “ Travels in 
Prance,” vol. i., p. 212) suggested the employment of a single pith 

3 0 
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ball electrometer; and in 1794, Beiscr, a German, invented a tele- 
graph in which signals were transmitted by electric discharges sent 
through strips of tin foil, in which were breaks, so arranged as to 
represent letters, which became illuminated by the discharge, as in 
Fig. 4G, p. 82. Cavallo, in his Treatise on Electricity, published in 
1795 (vol. hi., p. 285), proposed to transmit signals by the inflam- 
mation of various combustible or detonating substances, such as 
gunpowder, phosphorus, phosphuretted hydrogen, &c., by the dis- 
charge of a Leyden phial ; and in 1787, Betancourt tried similar 
experiments in Spain. 

(1058) The following report on a telegraph invented by Dr. Salva 
occurs in the Gazette de Madrid^ Xov. 25, 1796 ; — “ The Prince de 
la Paix having learnt that M. de F. Salva had read at the Academy of 
Sciences a memoir on the application of Electricity to telegraphic 
purposes, and presented at the same time an electric telegraph of 
his owm invention, wished to examine it ; and charmed with its 
promptitude and the ficility of its operations, he show^ed it after- 
wards to the King and to the court, when it performed equally well. 
After this experiment, the Don Antonio wished to obtain a more 
perfect telegraph, and undertook a calculation of the force of the 
Electricity required to work a telegraph at different distances under 
land and W'ater. The Magazin de Voight, in reference to these 
experiments, announced two years afterw^ards that Don Antonio 
constructed a telegraph upon a ver}^ grand scale, and to a very great 
extent. It adds, that the prince was informed at night, by means of 
his telegraph, of new's that highly interested him.’’ 

Fig, 407. (1059) In 1816, Mr. Konalds, of 

Hammersmith, invented and con- 
structed an electric telegraph, of 
which he published a full descrip- 
tion in 1823. A light circular brass 
plate, divided into 20 equal parts, 
was fixed upon the seconds’ arbor of a 
clock which beat dead seconds. Each 
division w^as marked by a figure, a 
letter, and a preparatory sign. The 
figures w/gfe divided into two series, 
from 1 ti^ 10, and the letters were 
arranged alphabetically, leaving out J, 
Q, U, W, X, Z. Before and over this disc was fixed another brass 
plate (Fig. 407), capable of being occasionally moved by the hand 
round its centre, and which had an aperture of such dimensions, that 
whilst the disc was carried round by the motion of the clock, only 
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one of the letters, figures, and preparatory signs upon it could be 
seen through the aperture at the same time ; for instance, the figure 
9, the letter V, and the sign “ Eeady,” are now visible through •the 
aperture in Fig. 407. In front of this pair of plates, A (Fig. 408), 
was suspended an electrometer of Canton’s pith balls, from a wire 
C, which was insulated, and communicated with a cylindric elec- 
trical machine of only G inches in diameter, and with the wire, E 

Fig. 408. 



525 feet long, which was insulated in glass tubes, surrounded by a 
w ooden trough filled with pitcli, and buried in a trench cut 4 feet 
deep in the ground. 

Another similar electrometer was suspended in the same manner 
before another clock, similarly furnished with the same kind of plates 
and electrical machine. This second clock and machine were situ- 
ated at the other end of the buried wire, and it w^as adjusted to go 
as nearly as possible synchronously with the first. Hence it is 
evident, that w^hen the wire was charged by the machine at either 
end, the electrometers at both ends diverged ; when it w as discharged 
suddenly at either statior^ithey both collapsed at the same instant ; 
and when it was discTiarged at the moment w hen a given letter, 
figure, and sign on the lower plate of one clock appeared in view 
through the aperture, the same figure, letter, and sign appeared also 
in view at the other clock ; and that by such discharges of the "wire 
at one station, and by noting down the letters, figures, or signs in 
view at the other, any required words could be spelt, and figures 

3 c 2 
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transmitted. But by the use of a telegraphic dictionary, a word, or 
even a whole sentence, could be conveyed by only 3 discharges, 
which could be eflected, in the shortest time, in 9 seconds, and, in 
the longest, in 90 seconds, making a mean of 54 seconds. This 
dictionary consisted of 10 leaves, cut in the manner of a common- 
place book, or ledger ; each leaf was also divided into 10 columns, 
and each column numbered on the top of the page. The columns 
w ere intersected by 10 liorizontal lines, each numbered on the left 
side ; the space produced by the intersections was occupied by 
words or sentences. 

It w as necessary to distinguish the preparatory signs from tliose 
intended to spell or refer to the dictionary, by giving the wire a 
rather higher charge than usual, and thus causing the pith balls to 
diverge more j and it was always understood tliat the first sign, viz., 
“ w’as made w’hen that word, the letter A, and figure 1, 

were in view' at the communicator’s clock ; so that should the com- 
municant’s clock not exhibit the same sign (in consequence of its 
having gained or lost more than the communicator’s), he noted how 
many seconds it had lost or gained, and moved his upper plate on its 
centre through just so many seconds to the right or left as occasion 
required, and the communicator continually repealed his sign “ Pre- 
pare,” until the communicant had adjusted his clock, and had dis- 
charged the wire at the moment wdien the w^ord Eeady,” appeared 
in view'. 

A second preparatory sign was now' made by the communicator, 
provided that the word or sentence was not contained in the dic- 
tionary, or that the figures w'ere to be noted, not as referring to the 
dictionary, but in composition ; and this w'as done by discharging 
the wire at the moment when the term “ Note Letters,” or “ Note 
Figures,” came into view. The gas pistol, F, Fig. 408, which passed 
through the side of the clock-case, Gl, w'as furnished with an appa- 
ratus, H, by means of which a spark might pass through it w'hen 
the communicator made the sign “ Prepare,” in order that the 
explosion might excite the attention of the communicant, and the 
handle, I, enabled him to break the connexion of it with the wdre 
when necessary. 

At half the distance between the two ends^ot the wire was placed 
the apparatus, K, by which its continuity could be broken at plea- 
sure, for the purpose of ascertaining fin case any accident had 
happened to injure the insulation of the buried wire) which half had 
sustained the injury, or if both had. It is seen that the tw'o por- 
tions of the wire and tube rose out of the earth, and terminated in 
two clasps, or forks, L and M, and the wire, N, carrying a pair of 
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pith balls resting on these forks, connected them. Now, by detach- 
ing this connecting w’ire from the fork L, whilst it still remained in 
contact with the fork M, or vice versd, it could be seen which por- 
tion of the wire did not allow the balls of the electrometer to 
diverge, and, consequently, which had lost its insulation, or if both 
had. One of the stations was situated in a room over a stable, and the 
other at the end of a garden, a distance of 525 feet, and the wire 
was buried under a gravel w'alk. It does not appear that Mr. Bonalds 
ever tried to work his telegraph at greater distances, for on com- 
municating his discovery to the Admiralty, he was informed “ that 
teh'graphs of any kind were then wholly unnecessary, and that no 
other than the one then in use would be adopted.’* (See his 
pamphlet, p. 2 t.) 

(lOlJO) The first electro-chemical telegraph was that of Soem- 
mering, thus described by him in 1812: — “ jVly telegraph w'as con- 
structed and used in the following manner: In the bottom of a 
glass reservoir containing acidulated water AA, (l^ig. 109), are 85 
golden points or pins passing up through the bottom of the glass; 
each pin corresponded to one of tlie letters ot‘ the alphabet and to 
the ten numerals. The 35 points are each connected with an insulated 
copper wire soldered to them, and extending to the distant station 
BB, where they are soldered to 35 brass plates fixed transversely on 
a wooden bar ; through the front of each of the ])lates there is a 
small hole for tlie reception of 2 brass pins, one of which is connected 

Fig. 4(^9. 



with the positive, and the other Avith the negative pole of a voltaic 
pile, CC. Each of the 35 plates is arranged to correspond with the 
arrangement of the 35 gold points in the glass reservoir, and are 
lettered accordingly. When thus arranged, the two pins from the 
column are held one in each hand; and the two plates being selected, 
the pins are then put into their holes and the communication is 
established ; gas is evolved *at the two distant corresponding 
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. points in an instant ; the peg on the hydrogen poles evolves hydro- 
gen gas ; and that on the oxygen pole, oxygen gas. In this way 
every letter and numeral may be indicated at the pleasure of the 
operator. The following rules should be observed : — 

“ First. As the hydrogcb gas evolved is greater in quantity than the 
oxygen, therefore those letters which the former gas represents are 
more easily distinguished than those of the latter, and must be so 
noted. For example, in the words ending aJc, ad, em, ie, we indicate 
the letcers A, a, e, i, by the hydrogen : k, d, and e, on the other 
hand by the oxygen poles. 

“ Second. To telegraph two letters of the same name we must use a 
unit unless they are separated by a syllable. For exainj)le — the 
word anna may be telegraphed without the unit, as the syllable a7i is 
first indicated, and na. The word nanni, on the contrary, cannot be 
telegraphed without the use of the unit, because na is first tele- 
graphed, then come nn, w^hich cannot be indicated in the same 
vessel. It would, however, be possible to telegraph even three or more 
letters at the same time by increasing the number of wires from So 
to 50, which w'ould very much augment the cost of construction and 
the care of attendance. 

“ Third. To indicate the conclusion of a word the unit 1 must be 
used; therefore, it is used with the last single letter of a word, being 
made to follow the ending letter. It must also be prefixed to the 
letter commencing a word, wdien that letter follows a word of two 
letters oul}^ For example, sie, lebf, must be represented si, el, Ie, 
bt, that is the unit 1 must be placed after the first e. Fr, lebt, on 
the contrary, must be represented Fr, 11, cb, tl ', that is the unit 1 is 
placed before the 1. Instead of using the unit, anothe^r signal may 
be inti’oduced — the cross t to indicate the separation of syllables.” 

(lOOT) Suppose now tlic decomposing table is situated in one city 
and the pin arrangement in another, connected w ith each other by 
35 continuous wfires extending from city to city. Then the operator 
w ith his voltaic column and pin arrangement at one station, may 
communicate intelligence to the observer of the gas at the decompos- 
ing table of the other station. 

The metallic plates with which the extended wfires are connected, 
have conical-shaped holes in their ends ; and the pins attached to 
the 2 wires of the voltaic column are likewise of a conical shape, so 
that when they are put in their holes there may be a close fit, pre- 
venting oxidation and producing a certain connexion. It is well 
known that slight oxidation of the parts in contact will interrupt 
the communication. The pin arrangement might be so contrived as 
to use permanent keys, wdiich for the 35 plates or rods would require 
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70 pins. The first key might be for hydrogen A, the third key for 
hydrogen B, tlie fourth key for oxygen B, and so on. Schweigger 
proposed to diminish the number of signals by employing 2 piles, 
one considerably stronger than the other, sometimes using one, some- 
times the other and at other times both combined. By varying 
the amount of gas given off in a given time — by varying also the 
periods of time, the number of wires might be reduced from 35 to 2, 
and the construction of the telegraph thus much simplified. A 
method of permanently recording the signals was also indicated by 
Schweigger, which was in principle nearly identical with a plan sub- 
sequently employed by Wheatstone, viz., by stamping the letters on 
paper covered with red-lead or lamp-black. Coxe of Philadelphia 
(^Thompson* s Annals of J^hilosophij^ 1810) also suggested the employ- 
ment of the pile to indicate signals. He gives two methods — one 
by tlui decomposition of water, and the other by that of metallic salts. 

(1062) Oersted’s grand discovery of Electro-magnetism was made 
in 1819, and the first proposal to apply this discovery to telegraphic 
purposes was that of Am])ere, who, in a memoir presented to the 
Koyal Academy of Sciences in Paris, on tlie 2nd of October, 1820, 
announced the practicability of an electric telegraph constructed 
with magnetic needles surrounded by coils of wire. He says {An- 
miles dc Physique et de Chimie, xv. p. 72) : ‘‘The success of this 
experiment demonstrates that by employing as many conducting 
wires and magnetic needles as tliere are letters, and by placing 
each letter under a diflbrent needle, signals may be communicated 
by a pile ])laced at a long distance off. The communication between 
the j)ile and the difierent coils was to be opened and shut by means of 
a set of keys. In lS32, Baron Schilling constructed at St. Peters- 
burg, an electric telegraph consisting of a certain number of platinum 
wires, insulated and bound together with a silk cord, which set in 
motion by nu*ans of a key connected with a galvanic pile, five mag- 
netic needles placed vertically in the centre of the coil. The motion 
of one of the needles at the commencement of the signalling, 
caused a leaden weight to fall, the concussion of wdiich set in action 
a clock-work alarum. This telegraph was exhibited before the 
Emperor Alexander, but Schilling died before he had perfected or 
extended his invention. 

(1063) The first report of the electric telegraph experiments of 
MM. Gauss and W eber is to be found in the Scicntijic Publications 
of Gottingen for 1855, and in Schumacher's Annuaire of 1836. 
Instead of the galvanic pile they employed the magneto-electric 
machine to give motion to the magnetic needle, which was enclosed 
in a coil composed of 3,000 feet of wire. By means of a com- 
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mutator the needle could be deflected in either direction, and its 
movements were observed with the aid of a lens. This telegraph 
was actually worked at a distance of one mile and a quarter, viz., 
between the “ Cabinet de Physique ” of the University of Gottingen 
and the Observatory. ‘ 

(10G4) Steinheil’s telegraph was at work in July, 1SH7, A full 
description of it was communicated to the Academy of Sciences at 
the meeting of the 10th September,' 1S3S. It was a printing and a 
sounding telegraph, and was worked like that of Gauss and AV^ eber, 
by the magneto-electric machine ; only one wire was employed, the 
earth being used to complete the circuit. To communicate signals 
by sound, Steinheil used two bells of different tones, either of which 
could be struck at pleasure by the needles; and to make a permanent 
record of a signal, dots were made on paper moved by machinery in 
front of the needles, each of which was furnished with a little tube 
containing ink. This telegraph was worked through 12 miles and 
with 3 stations in the circuit : its invention was a great step in the 
advancement of electro-telegraphing, since it established the fact of 
the sufliciency of the earth to complete the circuit. 

(1065) Proft‘Ssor JMorse conceived the idea of his electric 
telegraph in 1832 ; it docs not appear, however, that he can claim an 
earlier date than 1837 for its actual construction.’^ His contrivance 
included a pen at one end of a wire, which as contact was made or 
broken, produced an arbitrary alphabet of dots and strokes, wliich 
might represent definite characters. An experiment, with a circuit 
of 10 miles, was tried before several scientific men, well known in the 
United States and members of Congress ; and tlie result being 
favourable, a sum of money was voted by the government for a trial 
on a larger scale. This telegraph being in very general use in 
America at the' present time, a more detailed description of it is 
necessary : — 

On a wooden platform, A E, is fixed a vertical support, C, to which 
is screwed an electro-magnet EF; on the upper part of the vertical 
support is a metallic band, G G, tlie sides of which are pierced hori- 
zontally to carry 2 screws tipped with sharp and tempered steel 
points, between which the lever, L, moves with as little friction as 
possible. To one of the extremities, H, of the lever is soldered the 
armature of the electro-magnet ; the other end carries one or more 
steel points, which fit corresponding holes in a steel cylinder, under 
which the sheet of paper to receive the transmitted ^message passes, 
being unwound regularly by clock-work. The galvanic current 
being established, the armature of the electro-magnet is attracted, 

* See Traits de TiSldgraphe Electrique, par M. TAbbe Moigiio, p. 75, ct seq. 
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and at the same moment the points at the opposite end of the lever 
conic into contact with the cylinder, S, and make marks on the paper 
of greater or less JFig. 410 . • 

length, according 
to the interval of 
time elapsing be- 
tween tile making 
and breaking of 
the circuit. To 
secure tlie rapidity 
and certainty of 
tlie contacts, a 
inetalJic plate, J J, 
is fixed across the 
band, Gr (x, carrying 2 screws, the 
extremities of wliich serve to re- 
gulate the motion of the lever, and 
to beep it within certain narrow 
limits just sunicient to secure ex- 
actness and regularity. The paper 
is in one continuous length, and is 
wound lightly round a wooden cy- 
linder, from wliich it is afterwards 
cut into convenient lengths. The 
operation of the instrument is as Fig. 413. 



follows : IMotion is giv'en to the drum or barrel B (Big- 11.1) in the 
direction of the arrow by a weight attached to a cord acting oil 
wheel- work within; the motion is communicated through a series 
of intermediate wheels to the cylinder E, between which and the 
cylinder E the paper passes; F is kept in close contact with E by means 
of a spring; S k the steel cylinder underneath which the paper 
passes, and E is one of the steel points attached to the lever L (big. 
410) ; the pulley Q receives motion in the direction ot the arrow 
from the pulley E in the centre of the barrel B. It carries on its 
axis a horizontal arm, H, which is immediately under the lever ; it is 
bent at 1) so as to come into contact with the wooden friction- wheel, 
C, at tlie point P. This friction-wheel is fixed under the last screw 
of the machine, and below the lever. From the lever, L, proceeds a 
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strip of metal, A, which traverses the arm, H ; a screw and nut,- I, 
placed at the extremity of the rod serving to lengthen or shorten it. 
li; must act freely at its point of junction with the lever as well as 
at its point of junction with the screw II ; it also works a hammer, 
which striking a bell below the platform of the apparatus, warns 
the operator when a signal is about to be transmitted. Now, as long 
as the bent arm, 11 1), is in contact with the friction- wheel, the whole 
machine is at rest ; but when by the action of the electro-magnet on 
the lever, the rod A is raised, the weight being no longei restrained, 
gives motion to the barrel B, and the apparatus is put into action, 
but is again stopped the instant the bent arm touches the friction- 
w'heel. In this way the operator, both near and at a distance, has 
perfect control over the instrument. 

The apparatus or key for opening and shutting the circuit is shown 
in i'ig. 112. -A small metallic anvil, E, is secured on a platform, P P ; it 
is in metallic eommiinicaiion underneatli with a copper wire, C ; ]M 
is a metal hammer attached to a spring and soldered to the block, B, 
also in contact with a copi)cr wire, D. Another and better form of 
key-apparatus is that shown in Fig. 413, the operation of which will 
be understood by a single inspection. The hammer, L, is j»revented 
from touching the anvil, J, when the telegraph is at rest, by the spring, 
D, acting on the lever ; the hammer, E, and the anvil, K, being then 
in contact : on pressing down the lever, L and J come into contact 
— the A oltaic current 2 )asses tlirough tlic telegraph. 

(1000) The alphabet used with this telegraph is constructed by 
various combinations of the lines and dots in the following manner : — 

’ c' ”l) E E G il 

Y J K L lsY~ ¥ ’ O P U 

' R~ IT ’u’” '*V~ 'w” X Y Z 

1 2 3 4 5 0 ' 

Suppose, now, a message has to be transmitted from one station to 
another, say from Baltimore to Washington, the key of the first 
operator is at Baltimore, and his register at Washington; the key of 
the second operator, on the other hand, is at Washington, and his 
register at Baltimore. Each has perfect control over his own appa- 
ratus, and sets the paper to receive his correspondent’s message. The 
apparatus, wires, and batteries being found to he in good order, the 
Baltimore correspondent commences his communication, and hoAvever 
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rapidly and suddenly he establishes in his key tlie contacts between 
L and J (Fig. 413) the electro-magnet at Washington becomes 
excited, its armature attracted, the whole machinery of the telegraph 
brought into full operation, and the communication stamped on the 
paper in accordance with the above alphabetical characters. It having, 
however, been found in practice somewhat difficult to regulate the 
contacts between the hammer and anvil, so as to give full effect to 
this notation, Morse has substituted for it another code of signals by 
■which a far greater precision is secured. 

(10G7) Alexander’s telegraph, a description of which appeared in 
the Mechanics^ Magazine for November, 1837, consisted of 30 coils 
and 30 magnetic needles. Each needle carried a screen which con- 
cealed a letter behind it. On tlie transmission of the voltaic current 
through either of the coils (which was effected by pressing down its 
corresponding key), the needle was moved aside, and the letter on 
the] dial exposed to view ; *by confining the motion of the needle to 
one direction only, oscillation was prevented. Mr. Alexander’s 
original instrument was shown at the Great Exhibition of 1851. In 
Davy’s telegraph (1837) the letters or signals were painted on glass, 
which was illuminated by a lamp placed behind tlie instrument; as 
in Alexander’s, the letters were exhibited by tlm deflection of a mag- 
netic needle carrying a screen, which, when the telegraph was at rest, 
concealed them from view. 

(1008) The first patent of Messrs. Cooke and Wheatstone “ for 
improvements in giving signals Fig. 4] 4. 

and sounding alarms at distant 
places by means of electric cur- 
rents transmitted through me- 
tallic circuits,’’ was sealed on 
the 12th of June, 1837. The 
telegraph liere ])atented is 
sliown in Fig. 414, and is thus 
described by Mr. Wheatstone 
in liis examination before the 
Parliamentary Committee on 
Eailways : — 

“ Upon a dial are arranged 
5 magnetic needles in a vertical 
position ; 20 letters of the al- 
phabet are marked upon the 
face of the dial, and the various 
letters are indicated by the 
mutual convergence of 2 needles 
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when they are caused to move. These magnetic needles are 
acted upon by electrical currents passing through coils of wire placed 
immediately behind them. Each of tiie coils forms a portion of a 
communicating wire which may extend to any distance whatever ; 
these wires at their termination are connected w ith an apparatus, K, 
which may be called a communicator, because by means of it the 
signals are communicated. It consists of 5 longitudinal, and 2 
transverse metal bars, fixed in a wooden frame ; the latter are united 
to the poles of a voltaic battery, and in the ordinary condition of 
the instrument, have no metallic communication .with the longitu- 
dinal bars which aru each immediately connected wuth a dilfen'ut 
w ire of the line ; on each of these longitudinal bars, 2 stops are 
placed, forming together 2 parallel row's. AVhen a stop of the upper 
row is pressed down, the bar upon which it is placed forms metallic 
communication with the transverse bar below it, which is connected 
with one of the poles of the battery ; and when one of the stops of 
the lower row is touched, another of the longitudinal bars forms a 
metallic communication w ith the otlK)r pole of the voltaic battery ; 
and the current flows through the 2 wdres connected with the longi- 
tudinal bars to whatever distance they may be extended, passing up 
one and down the other, provided they be connected together at 
their opposite extremities, and affecting magnetic needles placed 
before the coils, which are interposed in the circuit.” 

The 5 galvanometers or multipliers are numbered 1,1; 2,2; 

4,4 ; 5,5 ; and of the terminal wires 5 are represented as passing 
out of the side of the telegraph case on the left hand, and the other 5 
on the right — they are numbered 1, 2, 8, 4, 5. The wares of the same 
number as the multiplier are tliose wliich belong to it, and are con- 
tinuous. Thus the wire 1, on tlie left hand, proceeds from the lirst 
coil of multiplier 1, then to the second coil, and then coming off, 
passes out of the case, and is numbered 1 on the right hand ; and 
so on with the other wares. The letters C, J, Q,, U, X, Z, are not 
represented on the dial. Each needle has two motions, one to the 
right, and the other to the left. Por the designation ol’ any of the 
letters tlie deflection of tw^o needles is required, but for the numerals 
one needle only. The letter intended to be noted by the observer is 
designated in the operation of the telegraph by the dejieclion of 
tw'o needles pointing by their convergence to the letter. Por ex- 
ample — in the figure the needles 1 and 4 cut each other by the lines 
of their joint deflection at the letter V on the dial, which is the 
letter intended to be observed at the receiving station. In the same 
manlier any other letter may be selected. Suppose the needle 1 to 
be vertical as needles 2, 3, and 5, then needle 4 only being deflected 
poiHts to the numeral 4 as the number intended to be signified. 
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A second patent for improvements on the needle telegraph was 
specified by Messrs. Cooke and Wheatstone in October, 1838. 
It relates principally to a method of enabling two intermediate sta- 
tions to communicate with each other and with either terminus ; and 
to sounding an alarum by liberating wound-up mechanism by the 
angular motion of a magnetic needle, 

(1069) The patent for Messrs. Cooke and Wheatstone’s electro- 
magnetic telegraph bears the date of January 21, 1840. In this 
apparatus Mr. Wheatstone availed himself of the property pos- 
sessed by soft iron of immediately acquiring and losing magnetic 
properties, by the establishment or interruption of a current in 
a wire covered with silk wdth which it is surrounded. To trans- 
mit all the letters of tlic alphabet and the figures which may be 
required in a telegraphic communication, tw^o conducting wdres be- 
tween one station and another, were found sufficient. By means of a 
commutator, which served to interrupt or establish the circuit at 
one of the stations, soft iron was magnetized and demagnetized an 
equal number of times at the other station. iTie commutator w^as 
a w heel turning on its axis, and the circumference of which pre- 
sented 48 portions alternately conductors, so that for one com- 
plete revolution of the wdieel the current was 24 times inter- 
ru 2 )ted and re-established ; a letter of the alphabet corresponded 
to each of these 24 alternations ; the soft iron at the other 
station was in like manner magnetized and demagnetized 24 
times. This alternate state of the magnetization and non-mag- 
netization of the soft iron, gave an oscillating motion to a small 
appendix of soft iron, wdiich communicated a similar motion to a 
wheel by which each of the tw^enty-four letters of the alphabet en- 
graved on the wheel were brought successively before the observer. 
Care w'as required to insure an agreement between the letters cor- 
responding to the alternations of the commutator, and those pro- 
duced by the alternate movement effected by the magnetization and 
demagnetization of the electro-magnet. Tho following was the 
method of w orking this telegraph : Suppose the commutator placed 
at A, and the letter A brought to the observer by the electro-mag- 
net (at each station they agree to arrange the apparatus that the 
starting point shall be the same), we wish to transmit the letter D ; 
the commutator must be moved onw ards 3 alternations ; B, C, 
and D, have been successively introduced at the other station, and 
so on for each of the letters. A large bell which was struck by a 
piece of iron attracted by the electro-magnet at the moment w^hen 
the circuit was re-established, served to give the signal. Jt is evi- 
dent that in order that the transmission be reciprocal, there must be 
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a double set of apparatus, so that each station may possess those 
necessary to transmit, and those necessary to receive the communi- 
.cation. 

(1070) An addition, to tliis was afterwards made and patented 
by Mr. AVheatstone, by which the letters were •printed instead of their 
being merely presented to the eye. The following are the means by 
wdiich this is effected : For the paper disc of the telegraph, on the cir- 
cumference of which the letters are printed, a thin disc of brass 
is substituted, cut from the circumference to the centre, so 
as to form 24 springs, on the extremities of wdiich types or 
punches are fixed ; this type-w’heel is brought into any desired posi- 
tion just as the paper disc is. The additional part consists of a 
mechanism, w’hich, acted upon by an electro-magnet, occasions a 
hammer to strike the punch, brought opposite to it, against a cylin- 
der, round which are rolled alternately several sheets of thin white 
paper, and of the blackened paper used in the manifold writing 
apparatus ; by thi^ means, without presenting any resistance to the 
type-w^heel, several distinct copies of the message transmitted are 
obtained. 

The great practical difficulty with this telegraph was that of insuring 
the synchronism of the movements of discs at the different stations. 
Fie, 415. Fig. 416. 






or if they did not 
move precisely to- 
gether, then when B 
vras visible at one sta- 
tion, A would be in 
view at another, and 
thus all would go 
wrong. It has, there- 
fore, been entirely 
abandoned for other 
and better plans. 

(1071) Messrs. 
Wheatstone and 
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Cooke’s single-needle telegraph, patented May 6th, 1845, is shown in 
Eig. 415. The essential part of the instrument is composed of 
a single multiplier, with an indicator fixed vertically on a hori- 
zontal axis, and moving in front of a dial plate. This indicafor 
may be either a light strip of wood, or magnetic needle ; if the 
latter, its poles must be in a reversed position to those of the 
needle wdthin the bobbin. When the voltaic current is sent 
through the coil the needle is deflected to the right or to the left, 
according to the direction in which the current passes. The alphabet 
is situated both on the right and the left hand side of the needle ; 
some letters require 4 movements of the needle, but the last 
motion which completes the indication of a letter situated on the 
right hand side is always a movement to the right ; in like manner 
the last motion which completes the indication of a letter on the left 
side is always a movement to the left ; for example — the letter W is 
indicated by 4 motions of the needle, 3 to the left and 1 to 
the right ; the letter L also is indicated by 4 motions, first to the 
right, then to the left, then again to the right, and finally to the 
left. 

(1072) The code of signals adopted is shown in the following 
diagram ; and bearing in mind that the deflections of the symbols for 
each letter commence in 
the direction of the short 
marks and end with 
the long ones, it will 
be seen that the deflec- 
tions of a single needle 
may be made to denote 
all the letters of the 
alphabet. 

The numerals are in- 
scribed on the dial un- 
derneath the needle, and are indicated by the movements of its lower 
half ; for example — the figure 4 is designated by the motion of the 
low^er extremity once to the right and once to the left ; the figure 9 
by a movement once to the left and once to the right, and so on. 
The internal mechanism of the telegraph is exhibited in Fig. 418. 
B A is the bobbin, in the interior of which is placed either a single 
magnetic needle, in the form of a rhomboid, 1^- inch long by itlis of 
an inch broad ; or which Mr. Walker found to be still better, several 
highly magnetized short needles, firmly secured on either or both 
sides of a very thin ivory disc. The exterior or index needle is 
about 3 inches long. The frame of the coil, B, is made of copper, 
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wood, or ivory ; it is screwed to ja. 
plate of varnishecl copper against 
the side of the telegraph case. The 
copper wire surrounding the bobbin 
A is about yooth of an inch in 
diameter, and is well covered with 
cotton ; one end of the wire from the 
right hand bobbin is in contact 
with the screw G, which, by means 
of a metallic strap, is connected with 
the screw G' secured on the base of 
the apparatus; the other end of the 
wire on the left hand bobbin is in 
contact with another screw, D, sup- 
ported by a strip of brass which is 
fixed to the base ; from this brass 
plate there rises an upright still* 
steel spring d, which presses strongly 
against a point attached to an insulated brass rod, r, screwed 
against the side of the case ; on the opposite side of this rod is an- 
other point against which a second stift* steel spring, d\ presses ; tliis 
spring is attached to a brass plate, E, terminated by a binding screw* 
E' ; E', therefore, is the screw' terminal of the wire from the left band 
coil. If G' and E' be now* connected by a wire, W, the current will 
flow* from G^ through G into the right hand coil, out from the left 
hand coil to D, thence through d r d' to E, and from the terminal 
screw E', round the wire circuit, back to G'; and if the wire from G' 
proceed up a line of railw*ay, and the wire from E' down the line, 
the circuit being complete throughout, the needle in the bobbin. A, 
will be deflected by a current proceeding from any station on the 
line, and thus signals will be communicated. Battery contact is 
broken and the direction of the current reversed by the action of 
the springs d d' in the following manner : — 

B is a box-wood drum, moveable by a handle seen at IT, in the 
front of the base of Eig. 415. Bound either end of this drum are 
fixed the brass caps C and Z ; the caps do not touch each other, a 
disc of box-wood being between them. Into these caps are screwed 
the steel projecting pieces C'Z', which become the poles of the 
battery, the Z' being connected with the zinc end, and C' with the 
copper, thus : a wire, C, from the copper end of the battery conveys 
the current, C'C', and a wire from the zinc end along Z, to a steel 
spring, which touches x, the continuation of the Z end of the box- 
wood cylinder. Now on moving the drum, by turning the handle, H, 


Fig. 418. 
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Fig. 415, the steel spring d will be raised from its corresponding 
point on r ; the circuit will thus become broken, but by continuing 
the motion of the drum, the wire C w'ill come into contact with th^ 
spring below it, and thus tliere will be a battery pole at either end 
of the drum, and signals will tlius be made on the dial, and on all 
the instruments connected with it. The connexions are made in 
such a manner, that wdien the handle is turned to the right the 
^icedle moves to the right. The exterior, or indicating needle is 
always placed with its N. pole upwards ; that within the coil wdth 
its N. pole downwards ; so that, in accordance with Oersted’s fun- 
damental law, looking at the face of the instrument, If we see the 
upper part of the needle moving tow^ards the right, the spectator may 
sure that the eurrenl is ascending in that half of tlie wire which 
is nearest to him. 
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419 and 420. On the top of the case is the alarum, A, which is w^orked 
hy the handle, B. H IF are the handles by wdiich the two needles are 
Hianipulatcd, and S is the “ silent apparatus.” The internal mecha- 
nism is precisely similar to that of the single-needle apparatus. Tlie 

Fig. 444. 
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letters of the alphabet are ranged from left to right, as in the ordinary 
mode of writing, in several lines above and below the points of the 
needles, the first series, from A to P, being above, and the secoiid 
series, from It to Y, below. Each letter is indicated by one, two, or 
three movements. The following is the complete vocabulary and 
mode of correspondence — 

A. Two movements towards the left, by the left needle. 

B. Three movements towards the left, by the left needle. 

C. and the Fig. 1. Two movements of the left needle, the first to 
the left, and the second to the right. 

I), and the Fig. 2. Two movements of the left needle, the first to 
the right, and the second to the left. 

E, and the Fig. Jh One movement of the left needle to the 
right. 

F. Two movements of the left needle to the right. 

Ct. Three movements of the left needle to the right. 

II. and the Fig. 4. One movement to the left of the right hand 
needle. 

I. Two movements to the left of the right needle. 

J is omitted, and replaced by G. 

K. Three movements of the right needle to the left. 

L, and the Fig. 5, Two movements of the righ^ hand needle, the 
first to the right, the sec^ond to the left. 

IM, and tlie Fig. G. Two movements of the right needle, the first 
to the left, the second to the right. 

N. and the Fig. 7. One movement of the right needle towards the 
riglit. 

O. Two movements of the right needle to the right. 

P. Three movements of the right needle to the right. 

Q is omitted, and K substituted for it. 

II, and the Fig. 8* A single movement of both needles towards the 
left. 

S. Two movements of both needles towards the right. 

T. Three movements of both needles towards the left. 

U. and the Fig. 9. Two movements of both needles, the first 
towards tlic right, the second towards the left. 

V and 0. Two movements of both needles, the first to the left, 
the second to the right. 

W. One movement of both needles towards the right. 

X. Two movements of both needles towards the right. 

T. Three movements of both needles towards the right. 

Z is omitted, and replaced by S. 


3 D 2 
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The sign +, indicating the terraination of a word, is designated by 
a single movement of the left needle towards the left ; the same 
signal is given when the receiver does not understand his corres- 
pondent’s message. The exhibition of the letter E signifies that he 
does understand, and to denote the word yes. The signal for E is 
repeated twice, i. e., two movements of the left needle towards the 
right are made. 

(1074) The words seen on the right and left side 

of the bottom of the dial plate are of great importance. Suppose, for 
example, the London clerk wishes to communicate with his corre- 
spondent at Dover, and that the latter is at the time engaged, he 
immediately signals the letter R, thereby intimating that he is not 
prepared to receive the London message ; when he is at liberty, 
he directs his needles towards W, •which means “ go on,” and the 
correspondence begins. It is also absolutely necessary to have a 
method whereby one station may signify to any individual station on 
the line that a message is proposed to be sent to it. Suppose, for 
example, that London wishes to communicate with Tonbridge ; on 
the dial plate of Fig. 419 will be seen the names of the six stations 
of one of the groups on the South Eastern Railway, viz., Reigate, 
Tonbridge, Ashford, Folkstone, London, and Dover; each of these 
stations is represented by a letter. Thus, London is designated by 
R, Tonbridge by E, Dover by and so on. The London corre- 
spondent signals E, and at the same time rings the bell at the station 
at Tonbridge ; the Tonbridge clerk immediately returns the ring at 
London, thereby intimating that he is at his post. London now 
signals R, by which Tonbridge knows that it is London tliat wishes 
to communicate with him ; he returns the signal R ; London again 
rings the bell, and the correspondence commences, — Tonbridge sig- 
nalling the letter E after every word if he understands, or the cross 
+ if lie does not. The message being finished, London defl(‘cts his 
left hand needle twice to the left ; Tcmbridgc returns tlie signal, if 
he has no reply to make, and proceeds to transmit the message to its 
destination. 

The numerals are indicated by certain letters ; the letter JT, fol- 
lowed by a cross -f , intimating that figures and not letters are about 
to be shown. The letter W interposed between certain figures 
serves to group them : thus the letters HE W N might mean 
d043 7s., or 43 feet 7 inches, &e. Special signals are also devised for 
special purposes. 

(1075) The mechanism of the alarum used on the telegraphic line 
of the {?outh-Eastern Railway Station is shown in Fig. 421. 
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421. A is an electro-magnet ; B, an arma- 

ture of soft iron, wliich is attracted as 
often, and as long as, the voltaic current 
circulates round its bobbin. This arma* 
ture is preveirfced from coming into 
actual contact with the pole of the elec- 
tro-magnet by means of two little copper 
studs, tipped with ivorj^* inserted in its 
\ necessary, because as soft 

1 1\\ \ iron does not lose the whole of its Mag- 

netism wlien the battery circuit is broken, 
permanent adhesion would otherwise en- 
sue. The armature is mounted on the 
short arm of a lever, C, carrying at 
the end of the other arm a short pro- 
jecting piece e, which, catching in a 
stop in tlie circumference of the wheel i/, prevents it from moving. 
The armature is brought back to its normal position, w^hen the 
attraction ceases by the small springy*, wdiich ])res3e8 against the long 
arm of tlie lever. Of the clock-work contained in the barrel, only 
the principal pieces are siiown in the figure ; the cog wheel h is 
connected by a pinion with the (*og-wheel a, which works ?, and 
this again gives motion to d, which carries the stop. The anchor 
.esGapeineut r/ works on the wheel i, and on the axis of the same 
wheel is placed the double-headed hammer, h On completing the 
battery circuit, tlio armature, B, is attracted by the electro-magnet, 
the long arm of the lever, C, moves to the left, and the wheel d, being 
then set at liberty, the mainspring in the barrel, which is kept 
constantly wound up, sets it in motion, and the hammer is instantly 
put into ra])id vibration, striking alternately the opposite sides of 
tlie bell, D ; the ringing is kept up as long as the circuit is closed, but 
the moment it is broken the armature is detached by the spring /, 
and the cat(!h is again pressed into its place on the wheel d. It is 
not the voltaic current tliat rings the bell,*but the mainspring in the 


barrel ; all that the Electricity does is to disengage the catch ; and 
there is no greater diflSculty, tlierefore, in ringing a large bell than a 
small one. It is easy to see that this principle may be modified in a 
variety of w^ays. 

(1076) The batteries used to work our English telegraphs are com- 
posed of amalgamated zinc and copper plates, 4^ inches long , by 3^ 
inches wide, the zinc being iVths of an inch thick. The plates are ce- 
mented water-tight on to stout teak-w^ood or oak troughs, each trough 
being from 15 to 30 inches long, and 51 inches wide, and divided into 
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12 or 24 cells by partitions of slate. The plates connected together by 
copper slips, are placed across the slate partitions, and the cells aro 
filled to within an inch of the top with siliceous sand, which is then 
saturated with a solution of I part of oil of vitriol in 16 parts of 
water. The numbers of* cells used varies according to the distance 
between the stations : for short groups of 10 or 15 miles, 24 cells 
are employed, for distances from 40 to 60 miles double that number. 
The telegraphs on the South Eastern Bailvvay of 180 miles and 47 
stations are worked with 2,200 pairs of plates, and the whole tele- 
graph system in the TJnited Kingdom employs about 20,000 pairs. 
(Walker s Electric Telegraph Manipulation,” p. 0.) According to 
Mr. Walker’s experience, new^ batteries, when carefully put together, 
will, with care, do duty for six or eight months, w^hen the work is 
not verv heavy ; and by w'ashing the sand out with a flow of w^ater, 
and refilling them, they frequently remain on duty ten or twelve 
months w ithout being re-amalgamated. In America, for the regis- 
tering telegraphs, Grove’s battery is mostly in use, 30 cells of w hich 
are required for a distance of 150 miles. They require cleaning and 
replenishing about once a fortnight. 

Fig. 422. 



(1077) The modes of sustaining and insulating telograpliic wires 
adopted nearly universally in Englaiid are represented in Figs. 422 
and 423. Wooden posts, from 15 to 30 feet high, are fixed firmly in 
the ground, at the rate of about 30 a mile ; the upper part of each 
post is 5 or 6 inches square ; it 
carries a wooden arm, which is sepa- 
rated from the post by discs or 
rings of brown delf-ware. The arm 
is secured to the post by an iron bolt 
and screw. On the face of the 
wooden arm, 4 hollow double 
earthenware or glass cones are fas- 


Fig. 423. 
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tened by collars of iron ; through these the wires pass, and arc thus 
effectually insulated. A similar system of wires passes on the oppo- 
site side of the post, and each post is provided with a small roof of 
earthenware or slate, on the top of which is a metallic point con- 
nected with the earth as a preservative against the effects of light- 
ning. The contrivance for tightening the wires is seen at B. The 
posts on w'hich this apparatus is placed are much stouter than the 
ordinary sustaining posts, and they are fixed at intervals of Jth of a 
mile apart. To the upper part of the post are attached as many iron 
screws as there are telegraph wires, and each screw carries a w’inder, 
consisting of a grooved drum with a wdieel and ratchet attached ; the 
ends of the w inder are insulated from the post by discs of earthen- 
w are ; a and h are two earthenware pulleys, or shackles, each furnished 
wdth two hooks insulated from each other. The winding post is thus 
seen to be out of the circuit, but the metallic continuity of the 
telegraph wire is secured by a thin wdre, c, soldered to the outside 
of each shackle. The t(degraph Avire is of iron, about -Kh of an inch 
in diameter : it is protected against the corroding action of atmos- 
pheric air and moisture by bein-g passed through a bath of melted 
zinc, or galvanized, as it is called ; zinc being more positive than 
iron, combines first wit h oxygen ; the wire thus becomes coated with 
a thill layer of oxide of zinc, wdiieh acts as a coat of paint and effec- 
tually })reservcs the iron. In the neighbourhood of large towns, 
where great quantities of coal are daily burned, the sulphurous 
vapours arising from such fuel and passing over the oxide of zinc 
covering convert it into sulphate of zinc, Avhich being soluble in w’ater, 
is immediately melted by the rain and drops off. The wire thus 
deprived of its insoluble covering soon corrodes. Mr. Highton 
mentions (“ Electric Telegraph,” p. 117) that he has seen galvanized 
iron wdres reduced in this way in less than two years from the 
diameter of ith of an inch to that of a common seAving needle ; and 
lie suggests that in the neighbourhood of large townis the wires 
should t'ither be painted and A-arnislicd, or entirely cased in gutta 
perclia. 

(1078) The insulator employed on the “ INIorse” line from New York 
to AVasliington, is simply a glass knob Avitli 2 rings, between wdiicli 
the wire is wrapped. It is said to be very imperfect (Turnbull on 
the “ Electro-magnetic Telegraph,” p. 176), the wire losing its insula- 
tion almost entirely in w'et weather, and the instruments Avorking with 
difficulty upon even the slightest shower. It has been found also, 
that with this form of insulator, the atmospheric Electricity cracks 
the glass in twm pieces, just as if it had been cut with a diamond. 
In the “ House” line of telegraph (x\merican) the glass cap, which is 
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covered with lae varnish, is screwed into a bell-shaped iron cap, which 
is filled with much cure to the top of the post, and well painted and 
varnislied, the telegrapli wire is fastened to the top of the cap by 
pPojectiiig iron points. This plan, though decidedly superior to 
Morse’s, is objectionable* on the score of expense, and very inferior 
to the method adopted in England. In Germany, the wires are insu- 
lated by passing through porcelain caps, in the shape of a reversed 
cup, placed on the summit of the posts, which arc thus covered with 
roofs. It is said to be very perfect. Tlio posts in France arc from 
20 to 30 feet long, and are driven into tlie ground to^ depth of from 
30 to GO inches, tlie buried parts being preserved by injection with 
sulpluiteof copper. The insulators, which are either bell-shaped or 
double oblique cones, are, as in Engluiul, fixed to tlie side of tlie post 
by screws, and sealed with sulphur iu the interior ; the conducting 
wire passes through a ring support fixed in the interior of the cone, 
so that the wire only passes on a point sheltered by the mass of the 
support. 

When the coiid acting wires liave to pass underground, they are 
usually made of cc>i)per, and are either covered with gutta percha or 
with cotton saturated with tar, and collected in leaden pipes in 
groups of three or four ; the leaden pipes are covered with a 
pitched cord, and tlie whole placed in an iron ])ipe. 

(1079) AVhen the wires liave to pass under water, as in the sub- 
marine telegraphs, great care is required for their insulation and 
protection. The first wires for the submarine telegraph between 
England and France were sunk iu the British Channel, in August, 
1850. Tlie wire was 30 miles long, simply covered with gutta 
percha, and sunk to the bottom of the sea by leaden weights ; it 
soon, however, became useless, being cut to pieces by attrition against 
the rocks. In the September of the following year, a submarine 
cable was constructed by Messrs. Newall and (/O., and on the 18tli of 
October, an electric communication was established between Dover 
and Calais, a distance of 21 miles. The plan adopted in the manu- 
facture of this cable was as follows (Highton on the ‘‘ Electric Tele- 
graph”) : A copper wire, No. IG, was first carefully covered with 
gutta percha; upon this a second covering was laid— the wire was 
thus thoroughly insulated. Four of these were then bound together 
with spun-yarn and hemp saturated with tar. This bundle of insu- 
lated wires with its hempen covering was then surrounded by 10 
galvanized iron wires, each wire being iVtbs of an inch in diameter. 
The insulated wires thus formed the core of a large continuous wire 
rope (Fig., 424), which w'as wound into a coil 30 feet in diameter. 
It was 24 miles long, and weighed 180 tons. 
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Fig. 424. 



(1080) The “ paying out” of this eiioruious oable commenced Sept. 
2dtli, 1851. Steam tugs were placed by the Admiralty at the service 
of the Company. The Blazer, on which the cable was shipped, was 
towed from Dover to tlic South Foreland, and one end of the rope 
conveyed on to the English shore ; after this, the vessel was towed 
in tlie direction of Cape Grinez. The distance between the two 
coasts is 20 miles, and though to allow for undulations and sinuosities 
21 miles of cable had ])ecn constructed, the end of the rope was found 
to tall short of its destination by half a mile ; another mile of cable 
was made, and spliced to the end of the first ; and on the ISth of 
October, the communication was found to be perfect. The cost of 
this cable is said to have been £20,000, and the expenses to the 
Company to have been no less than £75,000. The success of this 
experime.nt stimulated Messrs. Newall and Co. to attempt a still 
greater enterprise, viz., that of connecting telegraphically England 
and Ireland, by extending a submarine cable between Holyhead on 
the Welsh, and llowth on the Irish coast. This tliey effected in 
June, 1852, but from some unascertained cause (probably from its 
being too light, the. cable enclosing only a wire, and weighing 

only one fan a mile — tlu' Dover and Calais cable weighing seven tons), 
after working w(‘ll for three days, it became imperfect, and a great 
portion has been taken up. Nothing daunted by this failure, Messrs. 
Newall and Co. constructed a cable measuring seventy miles in one un- 
broken length, and with it, on the 0th of jMay, 1853, the first electric 
telegraphic communication was established between Belgium and 
England. This cable contains 6 wires, ipsulatcd by gutta percha, 
and laid into a rope with prepared spun yarn ; it is covered with 12 
thick iron wdres, of a united strength equal to a strain of 40 to 50 
tons — more than the proof strain of the chain cable of a first-rate 
man-of-war (Lardner on the “Electric Telegraph,” p. 157). It 
weighed 7 tons a mile, its total weight being 500 tons ; its cost was 
£37,000.**^ The great success which has hitherto attended submarine 
telegraphing has given rise to a project for the deposition of an 

♦ For a graphic illustration of the manner in which this enormous cable was 
coiled in the hold of the vessel ; also for the way in which it was deposited, see 
llhietrated London News, May 14, 1853, 
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electric cable across the Atlantic, so as to put the Old World into 
instantaneous communication with the new, a distance (between the 
nearest point of British America and the west coast of Ireland) of 
about 1,600 miles.. Whejher the curious phenomenon of the arrest 
of the Electricity supplied by voltaic battery, and the charging of the 
submerged or buried wire elsewhere described (316), would inter- 
fere with the realization of this project is a question which must be 
left for time and further experience to determine. It should, 
however, be mentioned that the Magneto-electric Telegraph Com- 
pany, who have nearly 900 miles of underground wire in operation, 
report that they sometimes pass their signals, without any difficulty, 
through 500 miles of underground wire without any break or delay 
in the circuit. (Lardner on the “ Electric Telegraph,” p. 172.) 

(1081) The Earth Circuit , — It had long ago been shown by 
Watson and others (10) that a Leyden phial could be discharged 
through a circuit, one half of wffiich consisted of moist earth. It 
appears that Stcinheil was the first to employ the earth to act the 
part of a conducting wire in an electro- telegraphic circuit. The two 
extremities of the wire of his telegraph, constructed at Munich in 
1837, were attached to two copper plates, which were buried in the 
earth. He attributed tlie transmission of the current to the direct 
conductibility of the earth. It was proved on a larger scale in 1841, 
by Messrs. Cooke and Wheatstone, by experiments on the Black w'all 
Eailway, that the earth may be employed successfully to replace one 
half of the conducting wire, or for the return circuit. In fiict, they 
state that so excellent a conductor is the earth, and so little resistance 
does it offer to the transmission of Electricity, that the sanic pile will 
work a much greater distance "with a circuit half wire and half earth 
than w'hen altogether wire. 

(1082) AVhilst prosecuting some experiments w ith an electro-mag- 
netic sounding apparatus, in the year 1841, Mr. Bain found that if 
the conducting wires were not perfectly insulated from tlie water in 
which they were immersed, the attractive power of the electro- 
magnet did not entirely cease when the circuit was broken. With a 
view of ascertaining the true cause of the phenomenon, Mr. Bain, in 
conjunction with Lieutenant Wright, made a series of experiments 
on the Serpentine river in Hyde Park, and after verifying their 
former observations relative to the remnant of power in the electro- 
magnet when contact with the battery was broken, the electro- 
magnet being on one side of the river, and the battery on the other, 
the wires passing through the river ; and after making other experi- 
ments, in which the water and the moist earth formed part of the 
circuit, and wire the remainder, it occurred to Mr. Bain, that if a 
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positive metal were attached to one end of the conducting wire, and 
a negative metal to the other, and if the two metals were then placed 
in water, or buried in the moist earth while the connecting wire was 
properly insulated, a current might be generated. This was found 
to be the case, for when a large surface of copper was placed within 
Kensington Gardens at the one end of the river, and within Hyde 
Park at the other end a similar surface of zinc, and the metals con- 
nected by a wire, in the circuit of which was a galvanometer, a 
current of considerable intensity was found to . be passing. The 
experiment was next tried on a more extended plan ; a surface of 
zinc was buried in^tho moist earth of Hyde Park, and at rather more 
than a mile distant, a surface of copper was buried, and the metals 
were connected by a wire suspended on the railings ; when the 
plates were large, Mr. Bain not only obtained the usual electro- 
magnetic effects in an enhanced degree, but also succeeded in the 
performance of electrotype operations ; for in the course of a few 
mimites he coated a half-crown with copper. Subsequent experi- 
ments showed that if the metals are thus buried, and connecting 
wires are employed, electrotype depositions may be effected, and 
electro-magnetic apparatus w'orked for a great length of time. 

(1083) Signor Ch. Matteucci made in the year 1844!, numerous 
experiments on the conductibility of the earth for the electric current, 
{GomiUes Hendiis, J une 3rd, 1844) . He made the current from a single 
Bunsen’s element (371) circulate in a copper wire, 9,281 feet long, 
and through a bed of earth of the same length; and ho found the 
diminution which occurred in the intensity of the current to be such, 
that the resistance of the bed of earth must not only be regarded as 
nothing, but that further, the resistance of the copper wire entering 
into the mixed circuit must be considered as less than that presented 
by the same wire w hen it enters alone into the circuit. Experiments 
w^ere made to ascertain whether this extraordinary fact W’as due to 
tlie passing of a voltaic current between the buried plates, but on 
closing the circuit with the earth and the wire icithout the pile, a 
deviation not exceeding 1° was obtained, and this shortly disappeared- 
It then occurred to Matteucci, that an explanation might possibly be 
given by having recourse to a current derived from Ampere’s terres- 
trial currents. The battery current in the first experiments passed 
along the wire from E. to W. ; he now reversed the current, causing 
it to pass from W. to E. ; the deviation of the galvanometer, how- 
ever, remained the same, as was also the case w hen the current was 
caused to pass from K. to S. or from S. to N. These expe- 
riments were afterwards repeated on greater lengths at Milan, 
and their results confirmed Matteucci in the conclusion to which he 
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* had previously arrived, viz., that when a current is transmitted by a 
circuit composed in parts of a long copper wire and of a long bed of 
earth, the diminution suffered by this current from the resistance of 
this mixed circuit, is less than that which it would have suffered by 
the resistance of the copper wire alone. Matteucci regards the earth 
as all other conducting bodies, its great volume making up for its 
inferior conductibility ; he quotes the following experiment {Comptes 
Mendus^ Jan. 12th, 1840), as conclusive against the hypothesis that the 
two electric charges liberated at the extremities of the pile always 
find means of diffusing themselves into the earth, which being a 
universal reservoir, succeeds in neutralizing their charges with its 
natural fluid, decomposed by the free fluid of the pile. 

Experiment : The circuit of a pile of 10 Bunsen’s elements, was 
established by plunging the two poles in two wells 160 metres apart; 
a galvanometer being in the cir<Jtiit to ensure the passage of the cur- 
rent. In this interval were tw'o other wells almost in a straight line 
with the two extreme wells. The distance between these tw'o wells 
was 30 metres; they were distant from the tw^o extreme wells, one, 80 
metres, the other, 60. The extremities of a good long mrc galvano- 
meter were plunged into the two intermediate wells: the current was 
then passed in the long circuit, when a deviation of 35® or 40® w’^as 
instantly obtained; on reversing the direction of the current in the 
long circuit, that of the derived current was likewise inverted. This, 
remarks Matteucci; is precisely what ought to bo the case, if we 
admit that the electric current is transmitted in the ordinary manner, 
whilst it cannot be conceived under the other hypothesis. 

(1084) The improbability of the earth’s acting as a mere conductor 
in these cases, is strikingly shown by the following experiments made 
by M. Breguet, on the telegraph line between Paris and Kouen 
(Moigno’s ‘‘ Telegraphe Electrique,” p. 259,) one of the poles of the 
Paris battery w^as soldered to a large metal plate, wrhich was plunged 
into a w’ell, the other pole communicated with the line wire to Rouen, 
and was there fastened to a similar metal plate, w hich w^as also plunged 
into a well ; the circuit w^as thus half earth and half metal, or the cir- 
cuit could be made metallic throughout. Similar arrangements w^ere 
made at Rouen. Two zinc galvanometers, in every respect similar 
and working together with great uniformity, were employed to mea- 
sure the electric forces at the two stations. The mean of twenty-eight 
experiments showed that when the current w^as half metal and half 
earth, the intensity was twice as great as when it w as metallic through- 
out, that is, a circuit of 40 miles earth and 40 miles wire presented 
the same resistance as a circuit of 40 miles wire ; the earth, in fact, 
offering no resistance at all. The intensity at Paris, of the current 
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transmitted through a copper wire to Kouen, and from Eouen back 
to Paris, through the earth was 56° 8'; that of a current sent and 
returned through a copper wire 29° 1', or nearly one-half. At Konpn, 
the mean relative intensities were the same being 35° 5' and 17° 8'. 
Moigno and Gauss both regard the earth as a reservoir or drain in 
M’liich the positive Electricity on the one side, and the negative on the 
other are absorbed and lost. Thus let A (Fig* 425) represent the 
Fig. 425. cell of a voltaic bat- 

tery, P and IN' being 
its two poles united 
by a metallic con- 
ductor; according to 
the theory of Am- 
pere, the Electricity 
set free at the posi- 
tive pole, meeting 
with a resistance in the conducting wire, decomposes the neutral 
Electricity of the nearest molecule, attracting tlie negative and repel- 
ling the positive ; the positive iluid of the first attracts the negative 
Electricity of the second, and repels its positive; this agaiii’acts on the 
neutral Electricity of the thirtl, and so on, the decomposition pro- 
ceeding by step ; the positive Electricity of the last molecule, p, 
being neutralized by the negative Electricity emanating from the N. 
pole of the battery. Immediately succeeding the first series of de- 
compositions is a second series of recompositions, the last negative 
molecule,-.-^ being separated froni its associated positive molecule, and 
thus becoming free, now combines with the positive molecule which 
precedes it, the negative molecule of w hich combines with the positive 
immediately behind it, and so on step by step. Suppose now the 
metallic circuit to be broken, between two free mohicules, -f p on 
the positive side, + — w' on the negative, and that a communi- 
cation be made w ith the earth through the metallic plates, B and C. 
The positive molecule will be brought into cpntact with an enormous 
reservoir, into which it w ill flow^ w ithout meeting with any resistance ; 
it wdll not, therefore, exercise any decomposing action, being in fact 
simply absorbed. The preceding negative molecule being again set 
free, will immediately combine with the contiguous positive molecule, 
and the same will happen at the n^ative end of the battery. A 
double series of decompositions and recompositions thus takes place, 
and this only in one-half of the circuit ; the resistance is conse^ently 
reduced one-half, that is, the intensity of the current is doubled. 

(1085) It must be admitted that there is some difficulty in this 
theory of the “ drinking up” of Electricity by the earth, and that the 
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question is still open to investigation ; but whatever may be t^he true 
explanation of this remarkable function of the earth, its discovery has 
bqen a great boon to electro-telegraphy, and the fact that the earth 
absolutely offers no resistance whatever to the circulation of the 
electrical force, is taken due advantage of on all telegraphic lines. 
“ Of all the miracles of science,** observes Lardner (“ The Electric 
Telegraph,** p. 123), surely this is the most marvellous. A stream 
of electric fluid has its source in the cellars of the Central Electric 
Telegraph Office, Lothbury, London ; it flows under the streets of 
the great metropolis ; and, passing on wires suspended over a zigzag 
series of railways, reaches Edinburgh, wffiere it dips into the earth 
and diffuses itself upon the buried plate. From that it takes flight 
through the crust of the earth and fmdn its own way back to the 
cellars at Lothbury!’* But this is not all; though offering less 
resistance to the circulation of the electrical force than the hest of all 
conductors, it at the same time acts as the most perfect insulator. 
Of this the following striking illustration is given by Mr. Walker 
(“ Electric Telegraph Manipulation,*’ p. 35) : “ Ten mres enter the 
London office, each going to one side of the galvanometer ; the other 
sides of the galvanometers are connected respectively by ten wires 
with a long slip of brass, which brass is connected with the water- 
pipes ; so that, in point of ftict, the wires, notwithstandjlg all our 
care and cost to keep them insulated from each other throughout 
their course along the railway,* arc actually one and all clastered 
together^ and connected into one common bundle, as soon as they 
have passed the galvanometer. Notwithstanding this oneness of the 
wires, provided all is clear along the line, a current can be sent along 
any one of the ten, without any portion being distributed among the 
•other nine. Take the case of two wires only as an example. They 

♦ The difficulty of obtaining perfect insulation of tlie wires is one of the greatest 
impediments to the establishment of telegraphic communication. The difficulty 
is increased when wires forming short circuits are placed in close proximity to 
those of long circuits. Under these circumstances, if the wires are not protected 
by an insulating coating, there is frequently in a damp shite of the atmosphere, 
an escape of Electricity from the long wire to the short one, and a consequent 
diversion of the Electricity from its intended course ; for although the low inten- 
sity of voltaic Electricity may in exiierimeiits on a limited scale etfectually 
prevent it from passing through a thin stratum of moist air, it must be remem- 
bered that each iron wire from London to Liverpool exposes a surface of not less 
than j[5,000 square feet, and between seveml surfaces of that extent only 6 inches 
apart, a large quantity of Electricity may be transferred and lost. The escape of 
Electricity from telegraph wires, in the manner now alluded to, was first brought 
under the notice of telegraphic engineers by Mr. Bakewell. (“ Bakewell on Elec- 
tric Science,” p. 167.) 
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are united, and are joined to the earth wire before they enter the 
London instrument. They a^e kept carefully apart frorti London to 
Dover, but after passing the Dover instrument, they are again united, 
and are joined to the earth 'wire, so that they foem a continuous 
loop ; and yet the current intended for one wire always takes the 
earth as the return half of the circuit, and no part of it finds its "way 
into the companion wire. But if by any accident the earth wire is 
divided, the case. is widely altered, and the current tells its own tale 
by its reverse action on the galvanometer, for it now accepts the 
companion wire, which before it entirely rejected.” 

(1086) The necessity of paying the utmost attention to the insu- 
lation of the line wire, involves the introduction of a difiiculty of 
another kind, and which has to be carefully guarded against ; 
that, viz., arising from the action of atmospheric Electricity, both 
induced, and in the form of direct strokes of lightning. “ More 
damage,” observes Mr. High ton (“The Electric Telegraph,” p. 11), 
“ is often done to the telegraph in a second by a single thunder 
storm, than by all the mischievous acts of malicious persons in a 
■v\'hole year.” Posts arc split in pieces, coils of wire are fused, 
needles are demagnetized, and permanent Magnetism given to soft 
iron electro-magnets. In the year 1846, the electric telegraph on 
the St. Gkirmains Eailway was visited by an attack of atmospheric 
Electricity,, the following account of which was communicated by 
M. Breguet to M. Arago (“ Tear-Book of Pacts,” 1848) : “ About 
live o’clock in the afternoon, during a heavy fall of rain, the bells of 
the electric telegraph at Le Yesitret began to ring, which led the 
attendant to suppose that he was about to receive a communication. 
Several letters then made their appearance, but finding they con- 
veyed no meaning, he was about to make the signal Not under- 
stood f when suddenly he heard an explosion, similar to a loud pistol- 
shot, and at the same time a vivid flash of light was seen to run 
along the conductors placed against the sides of the shed. The con- 
ductors were broken into fragments, their edges being fused. The 
wires of several electro-magnets 'W'ere also broken, and the attendant 
who was holding the handle wdiich moves the needle sustained all 
over the body a violent concussion, and several workmen standing 
about him also experienced severe shocks.” At the other end of the 
line, at the Paris station, nothing Avas broken, and nothing remark- 
able occurred, excepting that se\"eral of the bells were heard to ring. 
At the Gun die station of the Loudon and North-Western Railway 
considerable mischief 'was done in 1846, several of the coils being 
burst open, and the wires fused ; and at the Chilham statjon, on the 
South-Eastern Railway, a flash of lightning destroyed, in August, 
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1849, tjie of the ^bell coil and both the galvanometer coils. In 
India, whicH is occasionally visited with storms of lightning such as 
never witness iu this country, the damage done is often much 
more severe ; and in America, the disastrous consequences resulting 
from the same cause, soon after the establishment of the first line of 
telegraph by Morse, in 1844, rendered it imperatively necessary to 
devise some means for the protection of the operators and instru- 
ments. 

(1087) Js’umerous forms of lightning conductors have been in- 
vented and adopted. Actual lightning flashes are warded ofi’ by 
the points visible above the posts (l^ig. 421), which are connected 
with the earth by a w ire. Highton’s plan, which he states to b^ so 
effectual that since its adoption not a coil has been injured, is very 
simple. He surrounds the w ire for 6 or 8 inches before it enters a 
telegraph instrument with bibulous or blotting •paper, and passes it 
through a deal box lined wdth tin plate in connexion with the earth ; 
^he box is then filled with iron filings. All high tension Electricity 
collected by the wires will at once darl; through the air in the 
bibulous paper to the myriads of points in the iron filings, which 
carry it safely to the earth. Walker’s “ protector” consists of a small 
hollow metal cylinder connected w’ith the earth. The line wire in 
its passage from the railway to the telegraph passes within this 
cylinder, traversing which, it is first presented to the inner surface 
in the form of a thick w*ire furnished w ith spurs w hose points are in 
the closest possible proximity to the cylinder without being in actual 
contact ; it is then continued on, and presented as a short coil of 
very fine wire (finer, in fact, than that of the instrument coils) 
wound on a bobbin, the outer convolution of the coil being very 
close to the cylinder. Thus a better means of escape is presented to 
the lightning than is found in any part of the instrument ; conse- 
quently it always escapes by this conductor, either by the points or 
by burning the fine wire. It is found to be perfectly efiectual. In 
Steinheil’s method the lino wire extending over the station is divided, 
each end being fastened to a copper plate 6 inches in diameter ; the 
plates are brought close together, but prevented from touching by a 
silk cloth ; then coils of wire pass dowm from the corners of each 
plate to the telegraph instrument. The galvanic current is thus 
enabled to pass ; but an atmospheric discharge would break through 
the small obstacle between the copper plates in preference to passing 
out of its way through the thin spiral of wire. Since the introduc- 
tion of this protector in 1846, no derangement of the apparatus is 
stated to .have occurred even with the most vivid flashes of lightning. 

(1088) On the Brunswick State Telegraphs, the main wire, well 
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protected by gutta percha, is jpassed through pipes underground, and 
fastened to a copper plate in the telegraph room, ^rom this plate 
a small insulated wire is extended to the signaling instrument, afld 
through the battery to a second copper plate in connexion with the 
earth. The two copper plates are screwed together, but insulated from 
each other by pieces of ivory. The two thin wdres, which are covered 
with silk,- are twisted together, but separated near the telegraph appa- 
ratus, to the screws of which they are attached. The galvanic current 
passes through the main wire to the first plate, through the thin wire 
to the apparatus and electro-magnet, through this to the galvanic 
battery and the second plate, over this by the stronger insulated 
wire to the ground, making a perfect circuit. But a discharge of 
atmospheric Electricity would pass between the two copper plates 
rather than through the long thin wires, and the telegraph apparatus 
is thus effectually protected. Various forms of lightning protectors 
are used in America, the simplest and best seems to be that ol 
Bulkley, which cefnsists of tiiro brass plates with serrated edges, one of 
which is fixed to a board, the other adjustable by means of a screw 
to any required proximity to the first; the line wure is connected 
with the fixed plate, and the moveable one is in communication wuth 
the earth ; the plates are brought as near together as possible with- 
out touching, so that any Electricity of tension may meet with as 
little resistance as possible in its passage from the line wire to the 
earth. 

(1089) Breguet’s paratonnerre used on the Pi-e nch telegraph lines, 

is shown in Pig. 420. 
The line wire is con- 
nected with a very fine 
w iron wire placed in a 
glass tube, capped at 
^ both ends with brass 
and screwed on to a board. To the side of one of the brass caps is 
fastened a serrated piece of metal, B; immediately opposite and as 
close as possible to which is a similar serrated piece of metal, C, in 
communication with the earth by the wire E, so that if the wire of 
the line should become charged with atmospheric Electricity, it may 
discharge itself by these points to the earth; and in the event of a 
flash of lightning striking the line wire, the thin iron wire A would 
be fused, and the telegraph instrument protected. 

(1090) The Magn eto-electric Telegraph . — In this instru ment, patented 
by Mr. Henley in 1848, the motions of the needles are actuated by the 
electric currents momentarily induced in electro-magnetic coils when 
moved in proximity to the poles of a permanent steel magnet. This 
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Fig. 42f]. 
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telegraph is adopted, with certain improvements, by the English and 
Irish Magnetic Telegraph Company, tliroiigb a length of line above 
2,100 miles; by it messages are now passed between Liverpool and 
Dublin direct, a distance of about 420 miles; the line of commu- 
nication extending vi>'t Poi^t Patrick and Belfast ; and signals can be 
interclianged.when necessary between Loudon and Dublin, a distance 
by the wire of GGO miles, without any break of circuit, or renewal of 
the magnetic circuit: the whole length of wire in use is about 13,000 
miles, of which 6350 miles are laid underground, and abinit 7,500 
above ground. This telegraph, the simplest and the most economical 
yet invented, merits a detailed description. For tljc following parti- 
culars wo are indebted to the kindness of Mr. B. Bright, the secretary 
of the above company. 

Fig. 427. 



(1091) The original apparatus of IVlr. Henley is shown in Pig. 
427. Two compound bar magnets, a are fixed parallel to eaeli 
other, so that tlieir opposite poles are in juxta-position. At each 
end of the magnets are arranged a pair of electro-magnetic coils, h 
which are connected together at tlie back by a soft iron armature, c ; 
each pair is attached to a separate axle and linger key, e e, and are 
perfectly independent of each other, so tluit by their motion they 
can communicate magneto-electric currents to the two lino wires, 2 ?/. 
In order to avoid the friction that would ensue on the motion of the 
coils, if tlieir soft iron centres were in actual contact with the poles 
of the permanent magnets, the axles upon which the coils are lix(>d 
are so adjusted as to bring the ends of the soft iron cores to witliin 
about the iVth part of an inch from the magnets. AVhen the send- 
ing part of the apparatus is at rest, a spring, 7«, keeps the coils so 
disposed that the centre of one is before one pole of the magnet, and 
the other before the other pole. This answers a double purpose ; the 
iron cores •and armatures of the coils act as a keeper to the magnets 
when the apparatus is not in use, and the position at the same time 
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is su?h that the inaximum of inductive effect is obtained upon the 
motion of the coils. The finger key attached to the axle, on being 
depressed, reverses the position of the coils in relation to the poj^s 
of the magnets ; the alteration in the polarity of the soft iron cores 
which thereupon ensues, occasions by induction a revulsion in the 
electric condition of the convolutions of wire forming the coils, and 
the current induced flows from one terminal wire of the pair of coils, 
through the indicating portion of the fipparatus, e’, in one direction to 
the earth, and from the other terminal wire in the opposite direction 
through the line wire. On the return of the finger key to its original 
position, the polarity of the cores is again reversed, and currents are 
induced in the opposite direction to those previously generated. Tlie 
operation of the one current is to deflect, and of the other to bring 
back to zero the indicating needles of the apparatus, and of the 
instruments, at the various stations to which the currents may pass. 
The motion of the other finger key leads to similar effects beijig pro- 
duced in connexion with the other line wire ; and the combinatioliif 
of movements of the two indicating needles constitute the alphabet. 

(1002) The indicating portion of the apparatus consists of a pair 
of small electro-magnetic coils couj)led together by an armature ; the 
soft ii’on cores projt'ct beyond tlie coils, and arc‘ terminated by semi- 
circular horns of soil iron. This elongation of the cores was found 
iiect'ssary in order to ])rolong the polarization of the coil, as the 
great intensity of tlic ijidnced current Mould not occasion during its 
passage through the coil a siifiicieut amount of ])olarity in the iron 
to move the magnet of the indicating needle unless its cfiects Mere, 
so to S])Oak, tluis temj)orarily fixed. On the return of the finger 
key to its original position, an amount of residual Magnetism is left 
in the horns of tlie indicating coils suiliciciit to hold the needle in 
its position at zero M'hen the instrument is at rest. By this ari:auge- 
ineiit M'hat is technically termed a “ dead beat’’ of the needle is 
])roduced, and the needle at the same time is in perfect equilibrium 
upon its axle, — conditions M'hich conduce greatlj" to the rapidity and 
invariability of the needle’s motion, and to the accurate interpreta- 
tion of the signals. The magnets used to generate the induced cur- 
rents are tempered in a particular manner, and retain their polarity 
for years. They are easily remagnetized M'hen required, by bringing 
their poles for a short time into contact Mutli a poM erful electro- 
magnet. 

(1093) liecoil Currents from Underground Lines . — The Magnetic 
Telegraph Compajay have adoj^ted, to a very great extent, the under- 
ground system. In 1851, they laid a line between Liverpool and 
Manchester ; they afterMards extended the system from London 

3 E 2 
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^through Birmingham i o Manchester, Liverpool, and the various towns 
in the Lancashire districts, northwards to Scotland, with a submarine 
cabj.e linking up underground wires laid to Belfast and Dublin. 
They have been enabled to accomplish this through the great per- 
fection to which the insulation of wire by successive coatings of 
gutta-percha has been brought by Mr. Statham. It was found upon 
communicating a charge to a great length of underground wire, that 
after the withdrawal of the excitation (whether galvanic or magnetic 
Electricity was employed), an electrical recoil immediately took place 
at the end of the wire to wdiich the current had been previously com- 
municated. * The nature of this phenomenon has been explained by 
Earaday (316 et seq .) ; its existence w^as soon found to interfere very 
materially with the w^orking of telegraphic apparatus, nor does it 
appear that up to the present time, any adequate remed}'^ as regards 
the galvanic system has been applied. The nature of the interference 
w'ill be at once understood, w'hen it is mentioned that, with a letter- 
printing telegraph, the surplus current has the tendency to carry the 
machinery on farther, and to make other letters than those intended. 
AVith the chemical and other recording telegraphs, the surplus flow' 
of Electricity w’.ill continue nearly a minute, entirely confounding the 
marks, and representing one letter with the next; and with the 
needle telegraphs, a beat more is made by the back current than 
intended wdth every letter formed.* Another remarkable feature to 
be noticed in connexion wdth the underground system, is the small 
comparative velocity with wdiich the electrical impulse is commu- 
nicated through each conductor in long circuits. Through a circuit 
of 480 miles, Messrs. Bright found that the difterence of time betw'een 
the communication of the electrical impulse and its arrival at the other 
end of the wdre, amounted to rather more than a third part of a 
secon^^ which would give as the rate of transmission of tlic galvanic 
or magnetic fluids through such conductors, only about 1,000 miles 
per second. It has been shown by Earaday (316 ei seq,) that this 
retardation does not arise from any resistance of the conducting 
medium, but is the consequence of a lateral induction whereby the 
wire becomes charged statically wdth Electricity, — becomes in fact an 
immense Leyden arrangement. 

(3094) On applying the magneto-apparatus above described to 
the ui^derground system, it was found impossible to work it without 
making some provision against the effects of the recoil currents, for 
when the needle had been deflected and brought back to zero, by 
ttie two successive currents generated by the iiistriiment, the recoil 

G. B. Blight, Shaffner’s Telegraph Companion.” 
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current flowing in the opposite direction to tlie last current sent, 
again threw the needle over, so that each time a signal was trans- 
mitted, instead of two heats of the needle being given, three occurred, 
disorganizing the series of signals employed, and leaving the 
indicating needles of the sending instrument in such a position as to 
render the answering signal (given after every word) unintelligible ; 
for of the two currents employed in sending the answering signal 
from the other end, only the second showed any efiect; the first 
serving to keep the needle against the stop pin, w'here the recoil 
eurrejit had left it. Moreover, the continual recurrence of tw'o 
currents in one direction, and only one in the other, for^^each move- 
ment of the finger-key, a residual excess of one kind of polarity 
accumulated in the indicating coils ; and thus after a short time, the 
cfiects of currents from the other end w'ere neutralized, and the com- 
mmiication of signals rendered impossible. 

As the reciprocality of two instruments working in a circuit 
together is almost a sine qua non for correct transmission of signals, 
and constitutes the most valuable feature of excellence in the 
English system, it was at once seen that if underground wires w'ere 
to be worked, this difficulty must be overcome. 

(1095) Messrs. JBrlghfs Improved Magnetic Telegraph . — It w^as 
first sought to obviate the efiects of the recoil currents by placing, 
the charged wire into direct connexion with the earth at the instant 
that the exciting current ceased, so as to prevent the flow" of tho 
recoil current from passing through the indicating apparatus, which 
was again placed in communication with the line- wire when the 
handle had recovered its place of rest. It w as found, how'ever, that 
upon extending the line, the time required for the recoil current to 
discharge itself increased also ; Messrs. Bright then applied another 
method. The indicating apparatus was altogether disconnected 
from the action of .the sending currents, and only brought into con- 
nexion with the line wire at their termination. In this plan, instead 
of shutting off the recoil current it w"as permitted to pass through 
the receiving coils at the close of the sending currents, and the con- 
nexions of the apparatus were so arranged that it conduced to the 
efficient working of the apparatus by keeping the needles at zero, so 
as to be in the proper position for receiving signals from the opposite 
ends of the line. A compensating apparatus was. also introduced 
having for its object : 1st, the obviating the effects of the deflecting 
currents which continually pass through telegraph wires, more or 
less, and in different directions, and which arise from variations of 
terrestrial Magnetism, and during aurora borealis and other atmo- 
spherical electrical disturbances (311 et seq ?) ; and 2nd, the 
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neutralizing any excess of residual IMagnetism that might be 
engendered in the honis of the coils by the recoil current ; this 
excess varies with the difference in the length of the circuit worked, 
an& requires a constant compensation to be maintained. The 
apparatus consists of a permanent magnet of much greater strength 
than the magnet within the horns of the indicatiifg coils, fixed upon 
an axis, at such a distance from the lower pole of the indicating 
needle, that tlio poles of the compensating magnet may be made to 
describe a circle intersecting the lower pole of the indicating 
magnet, but being in a plane slightly removed from it, so as not 
actually to'^ome into contact. By an external regulator, the com- 
pensating magnet can be adjusted, so that the influence of either of 
its poles can be brought to exercise a definite influence of attraction 
or repulsion upon the receiving magnet, and upon the soft iron horns 
of the coils by which it is moved, and thus to negative an excess of 
polarity in either direction. Since this contrivance has been adopted 
not the least inconvenience has been suffered from the greatest 
electro-terrestrial disturbances, even when to such an extent as to 
deflect a galvanometer needle at right angles; nor does the strongest 
return cuiTcnt from the most extended circuit impede in the least 
the efficient transmission of signals. 

(lOOG) The magnetic telegraph as thus improved and \vith w liicli 
the underground wires are now" worked, is shown in Eig. 428 ; 

Fig. 428. 



a compound horseshoe magnets, formed of steel plates screw'ed 
tog. 

h h, induction coils attached to axles moved by the handles c o; 
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one of the wires terminating each pair of induction coils is connected* 
to an insulated metallic cam; the other end of each pair of coils is 
conducted directly to the earth. 

c c, the metallic cams ; they are insulated from the axles to wliich 
they are attached by ivory plates. 

ff, two springs connected with the line wires, and resting against 
tlie screws of the bearings g y. 

<7 y, two bearings, or bridge-pieces, in connexion with the indicating 
portion of the instrument. 

h 7/, the outside of the dial ; i 7, the indicating needles moved by 
magnetic needles inside on the same axles. 

X .r thumb-screws by which the magnet regulators are adjusted. 

z z z z adjusting pins between which the needles beat. 

Tlio internal arrangement of the indicating apparatus is not shown 
in the figure. When at rest, the spring / is in contact with the 
bridge-piece y, and the line wire is in direct communication with the 
indicating part of the instrument, and the electric currents from 
otlier stations pass from the line wire through the indicating coils, 
and thence to the earth, producing in their passage the required 
signals. When, however, the handle is depressed, the metallic cam 
or stud attached to the axle presses the spring away from the bear- 
ing y, and the current of Magneto-electricity produced in the induc- 
tion coils by their change in position, as regards the pule of the 
permanent magnet, passes direct to the line wire ; this current 
deflects the needles of other stations from zero. Directly the down- 
ward motion of the handle is arrested, and during its return to its 
original position, a current in the oj)posite direction is induced, and 
flows through the line wire, bringing the indicating needles of the 
other stations back to zero, but not affecting its own indicating 
apparatus, owing to the connexion between the spring and the 
bearing being still incomplete. The moment the spring is again in 
contact with the bridge-piece, on the cam setting it at liberty, tlie 
line wire, in which a portion of the last current has fixed, as it 
^vero ill transitu, seeks to gain its equilibrium, and the recoil current 
passes through tl)e indicating portion of the instrument (now in 
circuit again), and holds the needles to zero, in the proper position 
to be actuated by currents from the other stations. 

(1007) Messrs, Bright's Acoustic Telegraphic Apparatus. — Under 
the ordinary system of telegraphing, it is necessary to employ a 
transcriber to write down the words as interpreted from the visual 
signals, and dictated to him by the receiving operator, whose eyes 
being fixed on the rapidly moving needles, could not bp engaged in 
conjunction with his hands in WTiting. It was found that owing to 
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the frequent occurrence of words of nearly similar sound, the tran- 
scribers sometimes unavoidably misunderstood the meaning of the 
receiving operator’s, and altered the sense of the despatch by writing 
tl\e WToiig word. Such wwds as “two,” “too,” “to;” “four,” 
“ for “ hour,” “ our,” may, for instance^ be very easily confounded. 
IVXessrs. Bright have sought to remedy this inconvenience by trans- 
ferring the manifestation of the effects of the current from the eve 
to the ear. Their apparatus is shown in Figs. 420 and 430. 

Fig. 429. Fij. 4J^0. 




a is the bell ; the hammer ; 
1)\ the muffler to deaden the 
sound*, and stop the vibration 
after each stroke ; c, the con- 
tact maker and breaker, by which 
the local battery is put on and 
shut off; dy a tixed muffler; Fig. 421), the electro-magnetic 

coils tlirough wliich the local current is passed, and which actuates 
the magnet i, from the axle of which extend arms bearing the hammer 
and muffler h V , 


There are usually a pair of these bells together, one bell differing half 
an octave in from the other, and one being fixed to a wooden par- 
tition, one on ^e side, and the other on the other side of the operator. 
From the number of beats, and the difference in tone, the letters and 
words are formed in the same manner as with the needle telegraph. 

(1098) Besides the saving in staff and in mistakes, any injury to 
the eyes of the clerks is prevented, and aii appeal is made to an organ 
far better capable of endurance and accurate interpretation ; and it is 
found that a greater speed can be attained than by the old plan of 
telegraphing by needles, and the prompt attention of the operator is 
at once directed to the instrument, by the sounds given, upon a call 
being made. It is worthy of note, that while to read by a visible 
signal a movement of at least the eighth part of an inch is necessary 
for accuracy, the local current of the acoustic apparatus produces 
the full sound by the slightest movement^ even the i Jdth part 
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of an inch of the magnet actuated by the primary current proceeding 
from a distant station. The idea of assisting the telegraphic operator 
in interpreting visual signals, by releasing the detent of a train of 
clockwork, and so producing intonation of an alarum to mark out fhe 
number and period of the beats of the needle more distinctly, appears 
to have been suggested in this country about twelve years ago, but 
practical difficulties at that time prevented its application. A similar 
plan without, however, the employment of local currents, was pro- 
posed in Germany in the early days of electro-telegraphing, but it 
was not successfully carried out. W e are informed, however, that 
some of the most busy circuits in connexion with the English and 
Irish Magnetic Telegraph Company are now worked by this method 
at the rate of from 30 to 40 words per minute, received and written 
down by the same operator. 

(1099) The following details of the system of underground wures 
have been kindly furnished by Mr. Bright : — 

It was evidemt that the integrity of the insulating coatings of gutta 
percha could not be preserved long without some external protection 
throughout the length of each line, as the mere compression of the 
soil, gravel, and stones would at oiice have injured it, and in opening 
tlie roads for repairs, they would experience still further damage ; 
after discussing the merits of various plans of protection, it was 
finally decided that the wires throughout towns should be laid in 
cast iron piping, divided longitudinally, so that the wires might be 
laid in quickly, without the tedious and injurious operation of 
drawing them through, as was the case with tlie old system of 
street work, where the wires were laid in ordinary gas piping ; 
and that along the country roads, which were comparatively little 
liable to disturbance from the construction of sewers or laying of 
gas or water pipes, the wires should be laid in o^f^oted wooden 
troughs, of about 3 inches scantling, cut in long lengths, so as 
to be little liable to disturbance upon any partial subsidence of the 
soil, which not unfrequently occurs in districts where mining ope- 
rations are carried on. The tops of the 
troughs arc generally protected by fas- 
tening to them a galvanized iron lid. 

Eig. 431 shows a section of one of the 
troughs : m being tl\p trough ; w, the gal- 
vanized iron lid ; o, tlie gutta perchaed 
wire ; and p, a lapping of tarred yarn. 
The trough is deposited at a depth of 2 
feet from the surface of the rpad. The 
iron piping used in towns is about 2h 


Fig. 431. 
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inches in diameter. The lower halves are first laid, socket into 
socket, in the trench, and the wires are then rapidly reeled ofi:', 
and deposited in the lower halves from a drum drawn over the trench. 
The upper halves are then laid on, and attached to the already laid 
portions by clamps or bolts fastening through ears cast in the sides 
of the pipes. Sowell has this mode succeeded that in Liverpool 
the whole lengths of the streets from Tithebarn railway station to 
tlic office in Exchange Street East were laid down in a single night ; 
and ill Manchester, the line of streets from the railway station in 
Salford to Diicie Street by the Manchester Exchange, in 22 hours. 

(1100) In the overground system, the wires are arranged upon 
insulators attached to arms of different lengths, so that if a wire 
breaks and falls off it does not come into contact with those below, 
so as to impede the transmission of signals, but falls clear. The 
insulators arc of glass or earthenware, of the form shown (side view 
and section in Pigs. Fig. 4.32. Fig. 433. 
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graph shown in Fig. 434 is an exceedingly elegant piece of apparatus. 
In external form it resembles a small pianoforte without the black keys. 
There are 28 keys : 26 representing letters, 1 a cross, and I an arrow ; 
by pressing down any key its corresponding letter is shown on the 
dial, and at the same time on the dial of a^similar apparatus at the 
distant station. Suppose, for example, the. apparatus hgured in the 
text to be at Paris, the current from the pile enters the apparatus at 
h and leaves it at 1/ ; it proceeds thence to the distant station — say 
Eouen— where it traverses and works a precisely similar apparatus. 

(1102) The mechanism of the internal part of the apparatus 
will be understood from a slight consideration of Figs. 435 and 436. 

Fig. 435. Fig. 43t). 


Fig 435 is the wanipulator^ or the instrument for giving signals ; 
Fig. 436 is the receiver. The current from the battery enters through 
A, Fig. 435, passes up the brass spring N, which is in contact with 
the wheel E, and from this through the second notched spring M, 
out by the wire B, and on along the line wire to the telegraph at the 
distant station. There the current traverses the bobbin of an 
electro-magnet, not seen in Fig. 435, but exhibited separately in 
Fig. 437. This electro- magnet is fixed horizontally at one extremity, 
the other being left free to operate on the soft 
iron armature a, which forms part of a bent 
lever, moveable round the pin o ; the lever is 
restored to a vertical position when the elec- 
tro-magnet is no longer active by the action 
of the spring r. The moment the electrical 
current traverses the bobbin, the lever at C 
is attracted, and the motion is imparted to a 
second lever d, through the shank i. This 
second lever is fixed on a horizontal axis, and 
is united to the fork F. Wlien the*curreut is 
interrupted the spring pulls back the lever, and 


Fig. 437. 
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thus a step by step movemenl is given to the fork, which it transmits 
to the wheel G carrying the index. 

(1103) The manner in which the battery current is interrupted and 
renewed will be understood by referring to Pig. 435. The wheel B 
carries 26 teeth ; on tui*ning it by the button P, while the plate N 
is, from its curved form, in constant contact with the teeth, the plate 
M, being crooked, has its contacts broken and renewed every time 
it passes over a tooth, and at the same time the battery current is 
thrown off and on. Suppose the pointer P is advanced 4 letters, 
then the current between N and M will be 4 times made and 4 
times broken, and the armature of the electro-magnet at the distant 
station will be 4 times attracted and 4 times pulled back by 
its spring; but these 4 attractions will give 4 movements to tlie 
wheel G, and the pointer will pass over the same number of letters 
in the dial of Pig. 436, the receiver, as in that of Pig. 435, the mani- 
pulator. At the top of the case of the instrument is the alarum, 
which is worked by a special electro-magnet. Beferring now to Pig. 
434, we see in front of the apparatus a series of 28 ivory keys, the 
first being marked with a cross, the last with an arrow, and tlie inter- 
mediate 26 with the letters of the alphabet ; the first 10 letters 
carrying also the 10 numerals. Immediately in front of the keys, 
on a horizontal platform of mahogany, is the dial B and 2 small 
metal pieces, m n, which arc moveable, and which by means of a 
handle may be brought into contact, m with s or r, and 7i with or 
•p. The dial B is the verifier ; its index must always point to the same 
letter as that last signalled ; if it does not, it shows that the appa- 
ratus is not in proper working order. AV hen m is in contact with s, 
the apparatus is in a condition to send signals from Paris to Bouen. 
When in contact with r, it is in a condition to receive a signal from 
Bouen to Paris. In like manner when n is in contact with q, the 
alarum may bo sounded at Bouen ; when in contact with p, the 
machinery is in a state to receive a notice from Bouen. 

(1104) Electro-magnetic Clocks, — Mr. Bain, who has patented 
several applications of Electricity to useful purposes, exhibited in 
the spring of 1841, at the Polytechnic Institution, an electro-mag- 
netic clock, the principle of which will be clearly understood by an 
inspection of Pigs. 438 and 439. 

B, Pig. 438, is a back view of an ordinary clock, with a pendu- 
lum vibrating seconds; C, a plate of ivory affixed to, the frame of 
the clock, in the middle of which is inserted a slip of brass in 
connexion with the positive pole of the battery. To the pendulum 
is attached a very light brass spring, F, in such a manner, that 
every vibration of the pendulum brings the free end of the 



ELECTnO-MAGNETIO CLOCKS. 


791 


spring into contact with the strip of brass, thus completing the elec- 
tric circuit, which is broken as soon as the spring touches the ivory. 
A series of electric clocJcs may be connected, by means of the wires, 
with this clock, and if a voltaic battery be included in the circuit 
they will all go together. 

(1105) Fig. 439, is a back view of one of the electric clocks : a is 


Fig. 4.38. Fig. 439. 



an electro-magnet, and J, its feeder, suspended by a spring pendulum- 
fashion ; c is a small screw to regulate the distance of the feeder 
from the electro-magnet. At the lower end of the feeder is jointed 
a light click lever, d, falling into the teeth of a ratchet .wheel yis a 
spring to keep the ratchet wheel steady. AVhen the pendulum of the 
clock sends an electric current through the conducting wire, the feeder 
is attracted*by the magnet, and the click lever d, takes over 1 tooth 
of the ratchet wheel ; upon the current being arrested (by the spring 
F of the pendulum, leaving the slip of brass in the primary clock), 
the feeder falls back into its former position, and causes the click 
lever to draw the ratchet wliccl 1 tooth forward. The arbor of the 
ratchet wheel carries the seconds^ handy \yhich is thus taken forward 
1 degree every second, corresponding to the vibration of the clock 
B. A pinion on the ratchet arbor gives motion to other simple 
wheel-work, which carries the minute and hour hands. When a 
large number of clocks is to bo worked, the ratchet wheel is placed 
on the arbor of the minute hand, and is moved every minute instead 
of every second. An ivory circle, with slips or studs of metal, 
inserted flush with its face, corresponding to the number of clocks 
or group of clocks intended to be worked, is fixed on the face of the 
regulating or primary clock ; in the centre of this circle is placed 
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the arbor of the seconds’ hand of the clock, upon which is fixed a 
slight metal spring with its free end in contact with the ivpry circle. 
The conducting wire from the j) 08 itive pole of the battery is in con- 
nexion with the framework of the clock ; every time, therefore, that 
the seconds’ hand passes -lOver a metal stud in the ivory circle, an 
electric circuit is completed and a current transmitted to the clock 
or group of clocks in connexion with that particular stud. As the 
seconds’ hand passes over every portion of the circle once in each 
minute, the whole number of clocks thus connected with the regu- 
lating clock will be moved forward 1 degree every minute. Ey 
this means a large proportion of electric power is saved, for the 
battery has only a single clock or a small group of clocks to work at 
the same instant of time. 

(IIOG) Mr. Bain has also invented an apparatus for making ordi- 
nary clocks keep correct time ; also a method of working the electric 
clock by the deflection of the wire coil. In conjunction with IMr. 
Ikirwise, he took out a patent for these inventions, which was sealed 
8th January, IS 11. On the 28th of March, his clock was exhibited 
at the Polytechnic Institution. 

Pig. 440, sliows the method adopted by Mr. Bain for working the 
elect ric clock by the deflection of the wire coil, instead of the attrac- 
tive power of the electro-magnet. ^ is a coil of insulated copper 
wire, freely suspended on ceJitres. is a compound permanent 
steel magnet, immoveably fixed wdthin the coil. C Care two spiral 
Fig. 440. springs, one on each side, for the 

2 )urpose of conveying the electric 
current from the stationary conduct- 
ing wire D, to the moveable coil. 

is a click lever attacked to the 
coil. JE* is a ratchet wheel fixed 
upon the minute-haud arbor of the 
clock, and G a wheel to keep the 
spring steady. The regulating clock 
transuiits the electric current to the 
wire coil, upon wdnch the left hand 
end is instantly depressed, and the 
clock lever 7^’ draws the wheel JL forw ard 1 tooth. When the flow 
of Electricity from the regulating clock is discontinued, the wire coil 
resumes its original horizontal position by the action of the spring 
C. If the clock receives an electric current once in every second, 
the wheel E is j)laced on the arbor of the seconds’ hand ; but if the 
Electj-icity is only transmitted once in each minute, then the W’heel 
E must be placed on the spindle of the minute hand. 
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(1107) The ]iev. F. Lockey’s contact-former for the electro-mag- 
netic clock is shown in Fig. 441. Fig. 1 shows the contact-former 
entire ; in each figure similar letters refer to similar parts. On the 
base board A (about 3 by 2 inches) is fixed the circular box /5r 
trough B, Fig. 2 exhibits a section of this box-wood trough wherein 
is turned the channel and the central part, C C, is left as a solid 
cylinder on which to place rather firmly the glass tube G O. This 
tube, of which G G in Fig. 2 shows the section, rests on a rim or 
shoulder just below the rim at J?, which shows the level to which 
mercury is poured into the 
channel B B, for the purpose 
of closing the bottom of the 
lube, and preventing all access 
of dust to its interior. The 
glass tube is surmounted by 
an ivory cap, II, Fig. 1, ce- 
mented tliereon ; through the 
ivory cap pass the two wires 
1 7, furiiislied nith screw con- 
necting pieces for the pur- 
pose of uniting them with 
the p and n wires of the gal- 
vanic battery. The lower end 
of these wires terminates in 
two very thin and flexible 
copper springs, of which the 
lower imrtions are seen in 
Fig. 2, E F; they arc tied 
together at K, Fig. 1 , a piece 
of ivory being interposed to 
prevent metallic contact, as 
well as to place them pa- 
rallel to each other in the 
tube ; they are tipped with 
platinum foil at E and F, and 
one of them is a little longer 
tlian the other. The spring F is so set as to have a slight ten- 
dency to advance towards E, but it is prevented from doing so 
by the ivory stud D, Fig. 2. Part of the central cylinder O (7 is sup- 
posed to be broken away in Fig. 2 ^to show the lever (formed 
of iron wire iNo. 18)* bent somewhat ‘ in the forip E C F L, the 
fulcrum P being beneath the end of the tube, and the pa^t EOF 
working freely in a slit in the cylinder C C. If this contact-breaker 
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is intended to work an electro-magnetic clock, it is so placed at the 
side of the central or regulating clock, as that the pendulum Jf iV 0, 
just before it swings into a perpendicular position, shall begin 
to^'act on the lever at Z. During the remaining half of its vibra- 
tion towards the right hand (in the figure), as well as during the 
first half of its returning vibration towards the left hand (see Fig. 3) 
it will maintain contact between the free or platinum ends of the 
springs Z and F ; during the other two halves of its vibrations, the 
lever is unacted upon, and the springs returning to their parallelism, 
contact is broken, and the battery current ceases. Such an instru- 
ment does not impede the action of the clock to which it is applied ; 
Mr. Lockey’s had been upwards of six months in continuous use, and 
acting with unfailing accuracy, when the author first saw it.’* **' 

(1108) Mr. Wheatstone’s electro-magnetic clock, which was exhi- 
bited and explained at the Hoyal Society, 25th November, 1810, is 
thus constructed: all the parts employed in a clock for maintaining 
and Regulating the power are entirely dispensed with. It consists 
simply of a face with its second, minute, and hour hands, and of a train 
of wheels which communicate motion from the arbor of the seconds’ 
hand to that of the hour hand, in the same manner as in an ordinary 
clock train ; a small electro-magnet is caused to act upon a peculiarly 
constructed wheel placed on the seconds’ arbor, in such a manner 
that whenever the temporary Magnetism is either produced or des- 
troyed, the wheel, and consequently tlie seconds’ hand, advance 
■j^oth part of its revolution. On the axis which caries the scape 
wheel of the primary clock, a small disc of brass is fixed, which is 
divided on its circumference into GO equal parts ; each alternate 
division is then cut out and filled with a piece of wood, so that the 
circumference consists of 30 regular alternations of wood and 
metal. -An extremely light brass spring, which is screwed to a block 
of ivory or hard wood, and which has no connexion with the metallic 
parts of the clock, rests by its free end on the .circumference of the 
disc. A copper wire is fastened to the end of the spring, and proceeds 
to one end of the Avire of the electro-magnet; Avhile another wire 
attached to the clock frame is continued until it joins the other end 
of that of the same electro-magnet. A constant voltaic battery, con- 
sisting of a few elements of very small dimensions, is interposed in 
any part of the circuit. By this arrangement the circuit is periodically 

* The cost of working an electro-magnetic clock, according to Mr. Tylee’s 
observations, is under a penny per weak, the battery employed being one on Smee’s 

construction, jdatinized silver, 3^ inches square, and the exciting fluid, water 
with parti)f sulphuric acid- Such a battery Mr. Tylee finds will work his clock 
for 14 days without being interfered with. 
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made and broken, in consequence of tbe spring resting for one second 
on a metal division, and the next second on a wooden division. The 
circuit may be extended to any length, and any number of electro- 
magnetic instruments may be thus brought into sympathetic action 
with the standard clock. It is necessary to observe, that the force 
of. the battery and the proportion between the resistances of the 
electro-magnetic coils and those of the other parts of the circuit, must, 
in order to produce the maximum effect with the least expenditure 
of power, be varied to suit each particular case. 

(1109) The* next step in the progress of the invention of electric 
clocks, v^as the application of the electric power to work single 
clocks, so that no winding might be required, and the common clock 
dispensed with altogether. Mr. Bain’s arrangements for effecting 
this are shown in Figs. 442, 443.* 

Fig. 442 is a representation of an electric pendulum, suspended 
from a inctal bracket, h ; the bracket being firmly fixed to the board 
A A, which is, in a finished clock, the back of the clock-cgtse. 
The pendulum-rod is of wood. B the bob of the pendulum, is com- 
posed of a reel of insulated copper wire, having (merely to improve 
the appearance) a brass covering ; the ends of the wire are carried 
up the rod, and terminate in two suspension springs, i and which 
serve the double purpose of suspending the pendulum, and conveying 
Electricity to and from the wire in the bob B. nn are two brass 
tubes fixed to the sides of the case, and facing each other, a h c f g 
is an apparatus called the break, for letting on and cutting off the 
electric current to and from the wire in the pendulum B, and per- 
forming the same office for clocks in distant places. Z is a plate of 
zinc buried in the ground. C is a plate of copper, or what is equally 
good, a quantity of carbon (common coke or wood charcoal). In 
private houses and other establishments in town, the ground under- 
neath the floor of the coal-cellar, or the flags of the area, is a suitable 
position for sinking the plates, or in any place w here free access may 
*be had to the moist soil. In country establishments there will be 
no difficulty, as the plates may be sunk as above, or in any part of 
the garden. D and are wires connecting the zinc and carbon 
with the pendulum. These wires sliould be entirely insulated, and 
for this purpose gutta percha covering is the best material ; thus 
protected, they may be carried to any distance in any manner most 
convenient. The zinc and carbon should be bunied in the soil, at 
least 3 feet deep, and should not be less than 4 feet apart. To 
unite the wire D with the zinc plate, it must be simply soldered ; 
but in uniting the wire D' with the carbon, a piece of platinum wire 
* History of Electric Clocks, by Alexander Bain. * 

3 p 



and placed in tlie centre of the mass. Especial attention must be 
given to this, as it has been found, in every instance, that if the 
copper wire come into contact with the carbon it will inevitably 
corrode. Another plan equally good, is to drill a small hole in a 
piece of the carboif, and drive in a plug, likewise made of carbon, 
with the end of the platinum wire. If the plate C Be composed of 
copper, it will simply be necessary to solder the copper wire to it. 
The break is composed of two metal standards, a and fixed to the 
back of the case j is a wooden or ivory bar, fixed (but easily move- 
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able) in the standards, by means of binding screws. On the surface 
of the end of the wood or ivory bar^J is inserted a strip of gold, 
concave on the upper surface, as seen at F, Fig. 444, which is^ in 
metallic contact with ‘ the standard h. At the end y, of the bar, is 
inserted (bound in a metal ring) a small ^iece of agate, and a pi^ce 
of gold, both semicircular, represented by Fig. 444 ; the light part 
being the gold, the dark part the agate, ■wdth a shallow groove cut in 
the surface of each, similar to that in the gold at F, in fig. 444. In 
the grooved part of the agate, and perfectly flush with the surface, 
is inserted a plug of gold. The plug of gold is in metallic con- 
nexion with the bracket a. The semicircular piece* of gold is to 
form the connexion wdth other clocks at a distance, f g repre- 
sents the thin-kneed bar, the ends of which rest and slide freely in 
the grooves or concave parts already described. 11 is the regulating 
weight, which brings the pendulum to time. The opening in the in- 
terior of the reel B is large enough to permit the pendulum to vibrate 
freely, without the liability of touching the tubes n n. The suspension 
spring y, being connected by a wire with the carbon, if the end of the 
kneed bar rest on the gold plug in the agate, the electric circuit will 
be complete, and the course of the current may be thus described. 
The current is supposed to begin at the plate of zinc in the ground, 
thence tlirough the moisture of tlie .earth (a sufficient conductor) to 
the carbon, then through the wire D', as shown by the arrows to the 
spring j,' through the spring down a wire, to the coil of insu- 
lated wire in the bob B, wliich it permeates, and thence, by the wire 
1, to the spring i, to- the bracket a of the break, through the gold 
plug in the agate, to tha point g of the bar g f, then through the bar 
to the bracket h, and returning by the "wire D to the zinc plate, as 
shown by the arrows. 

(1110) The mechanism and the means of establishing the galvanic 
powder being tlius explained, the manner of its operation remains to 
be shown. While the Electricity is thus passing, it renders the coil 
of wire in the bob B magnetic, that is, it gives it all the properties of a 
magnet \ith dissimilar poles, N. and S. In the diagram, the 
N. pole is to the right hand, and the S. to the left. Now, the 
permanent magnets having their N. poles inwards next to the coil, 
it is evident, by the well known law of Magnetism, that the N. 
pole of the left hand magnet will attract the S. pole of the coil, 
while at the same instant the N. pole of the right hand magnet 
wdll repel the*N. pole of the coil, and by these means the pendulum 
will receive an impetus towards the left. It cannot under these 
circumstances hang perpendicular, but if the galvanic current is 
broken (which can be done by sliding the bar ^/a little *to the left,^ 

3e2 
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till tbe point is off the gold plug), the coil being no longer magnetic, 
the magnet will have no further effect upon it; the pendulum is 
therefore free to go back in the contrary direction. The pendulum 
its^f gives motion to the sliding bar, by means of the pin (f, which 
projects from the rod, and acts in the kneed part of the bar. If we 
now take hold of the pendulum with the hand, and move it to the 
right, till the point of the bar is on. the gold plug, and then let it 
swing back, it receives an impulse from the magnets, as just 
explained. When it arrives at the end of its excursion to the left, it 
will of itself push the sliding bar off the gold plug ; the power will 
then cease, and it is free to return to the right hand by its own 
momentum, until it pushes the sliding bar again on to the gold plug- 
and thereby receiving another impulse, will continue its vibrations, 
which will increase in length, till the point of the sliding bar is 
carried beyond the surface of the plug on the right, and partly on to 
the agate, this action cutting off a great portion of the electric 
current, and if the vibration further increase in the smallest degree, 
the power during one vibration is entirely cut off. In this way the 
pendulum is kept precisely at one given arc of vibration, however 
variable the electric current may be, provided only that there be 
always sufficient. It may be here remarked, that the lower the break is 
placed with reference to the pendulum, the greater will be the • 
accuracy of its vibration. This governing principle of the break 
is a most important feature in the invention, and is accom> 
plished without any extra work or friction. For large church clocks 
an apparatus termed a mutator is employed, which, instead of cutting 
off the current, changes its direction, so that the pendulum receives 
its impulse) both from right to left, and left to right, but it has the 
same governing principle as the break just described. 

(1111) Fig. 443 is a representation of another pendulum, with its 
earth-battery and connecting wires. In this arrangment the perma- 
nent magnets are in the bob of the pendulum, and the coils of wire are 
fixed to the case ; or, in other words, the permanent magnets move, 
and the temporary magnets, viz., the coils of wire d, d, aye fixed, h 
is the pendulum-rod, suspended in the ordinary w’ay by a single 
steel spring to the bracket a. cc are two semicircular permanent steel 
magnets, having X. poles pointing to the left, and S. poles pointing to 
the right, d, d are two 6blong coils of insulated copper wire, fixed to the 
back of the case, th^jpening in the coils being large enough to allow 
the bob of the pendulum to move freely without the liability of touch- 
ing; the break in this case is the same in principle and action as that 
already explained,* but the connecting parts are covered with brass 
caps to eifclude the dust, and the brackets are more ornamental. The 
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action is as follows : When the galvanic current is let on, Ihe coil d 
attracts the 'N, poles of the magnets of the pendulum-bob, at the 
same time the coil repels the S. pole ; the pendulum thus gets 
its impulse to the left, and the current being cut off by the breal^ as 
explained in Fig. 442, the pendulum is faee to return by its own 
momentum, and the motion is thus perpetuated. It will be observed 
that these pendulums are moved not by mechanical means, which 
jnvolve friction and wear, but by magnetic pow’er, in which there 
is none of either, and even that power is applied, at the utmost, in 
every second vibration, though in actual practice it is not in full 
force more than once in every fifth vibration, the only friction (which 
is very slight) being the sliding of the bar g f, of the break ; it may^ 
therefore, be safely inferred that these are the most detached pen- 

dulums ever yet contriv- 
ed. They are regulated to 



time in the ordinary way, 
by raising or lowering 
the weight R, or by rais- 
ing or lowering the bob 
itself. 

(1112) Fig. 455 repre- 
sents the mechanism by 
which motion is given to 
the hands; there are but 
two wheels in the train, 
besides the dial-wheels, and 
as these are moved in the 
ordinary way, they are not 
shown in the figure, a a, 
are the frames, fitted to 
each other in the usual 
manner ; fixed to the top 
of the frames is a cross bar- 
to which the, pendulum 
may be suspended (Mr. 
Bain, prefers suspending it 
as shown in Fig. 455) ; c is 
the ^op portion of the pen- 
dulu|f^trod, which is sus- 
pended at d; f is the 
crutch, shown by two dotted 
lines, having its axis at e — 
on the same axis*is the arm 
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wlii<jh Carries* the click k and I are projections from the inner 
part of the back -frauie; these are the bearings of a spindle, which 
carries the ratchet-wheel at and a worm which works into the 
teeth of the wheel m, the arbor of the wheel projecting through the 
front frame. The action takes place as follows : the pendulum-rod, 
in its excursion to the left, comes against the projecting pin y, 
which is fixed in the lower end of the crutch, and pushes it aside ; 
this action gives similar motion,* through the crutch and axle e, to 
the arm 7i and click i: this causes the point of the click to slip orer 
one tooth of the rachet-wheel. Now, when the pendulum takes its 
excursion to the right hand, the crutch follows by means of its own 
weight (or a small weight attached to it), and the click i pushes the 
rachet-wheel forward the space of one tooth, the worm gives motion 
to the wheel m, and this gives motion to the* dialwork and hands in 
the usual manner. 

(1113) But the electric pendulum does more. It not only gives 
motion to the clock, or rather indicator, which is in the case with it, 
by mechanical action, but it lets on currents of Electricity to other 
clocks or indicators at any distance ; and this important object it 
accomplishes without any extra wear or tear, and without any 
friction ; for it will be perceived in the previous explanation of 
the break, that when the point g of the bar is off the gold plug 
which is in connexion with the pendulum, it is moved on to the 
gold grooved plate which is connected with the distant clocks, 
thus letting on the current to the pendulum anrf clocks at a 
distance alternately. By this arrangement there is a great 
economizing of electric power, as when the current is cut off 
from the clocks it is working the pendulum ; when cut off from the 
pendulum it is working the clocks ; and thus there is no moment 
when the electric current is not in practical operation. 

(1114) Eig. 446 represents the mechanism of one of the affiliated 
or companion clocks, a a is a brass plate to which the dial and all 
parts of the mechanism are fixed ; c c are reels filled with insulated 
copper wire;^ ^?is a semicircular permanent steel magnet, a similar one 
being on the other side. These magnets are fixed to an axle by means 
of arms, poles of the same name being opposite each other, viz., N- 
to N., and S. to S., and the poles vibrate freely in the interior of the 
coils. These jeoils a^poined to, and form part of, the electric 
circuit with the parpR clock, and by the traiismissioh of electric 
currents from thence the magnets d vibrate in uniAon with the 
pendulum. 

(1115) Having thus obtained uniform motion between thependulum 
of the parent clock and the magnets of the affiliated ones, it remains 
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to be shoiv^n how motion is given to the hands of the latter, y'is 
small frame, fixed on the same axle as the magnets. This frame 
carries the little click y, which acts in th^ teeth of the ratchet- 
wheel A; t^ wheel is carried by the spindle i, on which is a screw 
or worm wlrkiiig in the teeth of the wheel n more clearly shown in 
Fig. 417; the axle of this wheel projects through the plate a a, and 
gives motion to the hands in the ordinary way. I is a straight steel 
spring to keep the rachet-whcel from going back with the click, h 
is a bearing for one end of the axle of the wheel n ; the other 
bearing is in the plate a a. h represents the back of the diahplate. 
Mr. Bain tested the correctness of this principle in 1840, by working 


Fig. 447. 



a clock at Glasgow, by an electric pendulum in the telegraph station 
at Edinburgh, a distance of 46 miles. The two clocks went accu- 
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rately together/ the magnet of the companion clock at Glasgow 
vibrating in unison with the pendulum in Edinburgh. 

(1116) Shepherd's 'Electro-Magnetic Clock , — In this beautiful 
appfl-ratus, well known to the frequenters of the Great Exhibition in 
1851, Electro-magnetism is the moving power. The pendulum is so 
arranged as to make and break an electric circuit, and consequently 
to make and unmake a horse shoe magnet at each vibration. Each 
time that the magnet is made it attracts an armature, which lifts 
certain levers; one of these is concerned in raising a w^eighted lever 
and causing it to be held up by a detent or latch ; the magnet is then 
unmade in consequence of the pendulum breaking the circuit, and 
the armature is released, when the pendulum lifts the latch, and 
allows the weighted lever to fall, which in falling strikes the pendu- 
lum so as to give it an adequate impulse ; then the circuit is again 
completed, the armature attracted, the levers moved, the weight raised 
and held up by the detent ; another vibration breaks the circuit, and 
releases the armature, the pendulum then raises the detent, the 
weight falls, and in falling, its arm strikes the pendulum^ and gives 
it an impulse, and so on. 

(1117) But the pendulum at each vibration not only makes and 
breaks the electric circuit of the battery, which maintains it own action, 
but also, and simultaneously, that of a second battery, of which the 
duty is to make and unmake the electro-magnets belonging exclu- 
sively to the clock or clocks which are upon this circuit. These 
electro-magnets act upon the extremes of one or more horizontal 
bar-magnets, so as alternately to attract and repel their opposed 
poles, and which carry upon their axis the pallets, by the alternating 
motions of which to the right and the left, the ratchet wheel is pro- 
pelled onwards at the rate of a tooth each second, and the axis of 
this ratchet wheel carries the pinion which moves the other wheels 
of the clock. 

(1118) The circuit of the ^ttery connected with the striking part of 
the clock is only completed once in an hour, and is connected with an 
electro-magnet, so arranged as by means of a proper lever to pull 
the ratchet wheel attached to the notched striking wheel 1 tooth 
forward every 2 seconds, and each tooth is accompanied by a 
blow on the electro-magnetic bell. The number of blows depends 
upon the notched wheel, the spaces on the circumference of which 
are adapted to the number to be struck, and when thiefls complete, 
a lever falls into the notch, and so doing cuts of* the electric current, 
which is not re-established through the striking electro-magnet till 
the next hour, whe^ a peg upon the hour wheel pushes the striking 
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lever forward, so as to cause it to be depressed by a similar peg ^ 
upon the minute wheel. 

(1119) Shepherd’s clocks are adopted in the extensive warehouse of 
Mr. Pawson, in St. Paul’s Churchyard, where eight dials are maintmned 
in action by an electro-magnetic pendulum in the counting-house ; 
they are also used at the Greenwich Observatory, at the Tunbridge 
station of the South Eastern Eailway, &c. ; indeed, the time is pro- 
bably not far distant when clock power will be applied to all the 
principal cities and towns in Europe, as water and gas are at the 
present day. 
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CHAPTEE XXI. 

r 

DIAMAGNETISM. 

Action of Magnetism on Light — Action of Magnets on the Metals — Action of 
Magnets on Air and Gases — The Magne-Crystallic Force — Diamagnetic Polarity 
— The Polymagnet — Diamagnetic Conditions of Flames and Gases — Magnetic 
Conducting Power — Atmospheric Magnetism. 

(1120) Action of Magnetism on Light, — On the 27th of Novem- 
ber, 1845, Professor Faraday communicated t5 the Eoyal Society a 
memoir, in which he made known the interesting fact, that when the 
line of magnetic force ” (by which he understands that exercise of 
magnetic power which is exerted in the lines usually called “ mag- 
netic curves ”) is made to pass through certain transparent bodies 
parallel to a ray of polarized light traversing the same body, the ray 
of polarized light experiences a rotation. The experiment was made 
in the following manner. A ray of light from an argand lamp 
polarized by reflection was passed through a Nicol’s eye-piece,‘^ 
revolving on a horizontal axis. Between the polarizing mirror and 
the eye-piece the poles of an electro-magnet, each of which would 
sustain from 28 to 5G pounds, w'erc arranged. The poles were sepa- 
rated from each other about 2 inches- in the direction of the line of 
the ray, and so placed that, if on the same side of the polarized ray 
it might pass near them, or if on the contrary side, it might go 
between them, its direction being always parallel, or nearly so, to 
the magnetic lines of force. A piece oi^silicated horate of lead glass 
was placed between the poles, so that the polarized ray should pass 
through its length. The eye-piece was now turned in such a posi- 
tion that the image of the ray was invisible. On now causing the 
electric current from a Grove’s battery of 5 cells to circulate the 
iron, the image of the lamp-flame became visible, and continued so 
as long as the iron continued magnetic, but on stopping the current, 
the light instantly disappeared. The force impressed upon the dia- 
magnetic t was one of rotation, as the light could be extinguished 

* The arrangement known as “ NicoVs prism ” consists of a rhombohedron of 
cdldte (doubly refracting spar) split into two wedge-shaped portions by a plane 
passing through two opposite solid angles, and perpendicular to the principal 
plane, which passes through the same angles ; the fwo wedgeS are cemented 
together with Canada balsam, which, while it allows one of the doubly refracted 
rays to be transmitted^banishes the other ray altogether from the field of vision. 

+ By “ diqmagnetic ” is meant a body through which lines of magnetic force 
ai'e passing, the same not being magnetic like iron. . 
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and again rendered visible by the revolution of the eye-piece to the 
right or to the left. When the N. pole was nearest the observer, 
the rotation of the ray was right-handed ; when the S. pole was 
nearest, it was left-handed. Common magnets acted in the sime 
manner as electro-magnets, though more feebly. 

(1121) The law of the action is this : “ If a magnetic line of 
force be from a iV^. pole, or cmning ivom a B. pole, along the path 
of a polarized ray, coming to the observer it will rotate that ray to the 
right-hand.” Thus, supposing Fig. 448 Fig. 448. 

to represent a cylinder of glass, the lino 
joining N and S is the magnetic line 
of force, and if a line be traced round 
the cylinder with arrow heads on it to repaesent direction, as in the 
figure, such a simple model held up before the eye will express the 
whole of the law, and give every position and consequence of 
direction resulting from it. The amount of rotation was in pro- 
portion to the extent of the diamagnetic through wdiich the 
ray passed, and the power of the rotation was in proportion to 
the intensity of the magnetic force. The interposition of non- 
magnetic metals between the poles had no influence on the result ; 
but iron, by diverting the direction of the lines of force, affected 
the results materially. That the phenomenon is directly con- 
nected with the magnetic form of force is proved by the circum- 
stance, that the brightness of the polarized ray is developed 
gradually, the iron requiring some little time (a couple of seconds) 
to acquire its full magnetic intensity after throwing on the current. 

(1122) All transparent bodies do not possess this power in the 
same degree, and some have it not at all ; but in those in which it 
exists, whether solid or liquid, or however opposed in chemical cha- 
racter, the law' of rotation is the same. The best substance is silico- 
borate of lead ; both flint and croivn glass give it, as do w'ater, 
alcohol, ether, and, in fact, every liquid substance that has been 
tried ; but Faraday w'as unable to find the power in rock crystal, 
Iceland spar, sulphate of baryta, carbonate of soda, or ice. 

(1123) The following experiment is q‘uoted by Faraday as clearly 
demonstrating that a ray of light may be electrified, and the electric 
forces illuminated. A tube was filled with distilled water and intro- 
duced as a core into a long helix or coil 65 inches long, and contain- 
ing 1,240 feet of wire ; it was placed in the line of the polarized ray, 
so that by exiTmination through the eye-piece the image of the lamp- 
flame produced by the ray could be seen through it. Then the eye- 
piece was turned until the image of the flame disappeared, and after- 
wards the current of 10 pairs of plates was sent thr6ugb*the helix ; 
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instantly tbe image of the flame reappeared, and continued as long 
as the electric current was passing through the helix ; on stopping 
the current the image disappeared ; the light did not rise gradually 
as in the case of electro-magnets, but instantly ; when the current 
was sent round the helix in one direction, the rotation induced upon 
the ray of light was one way ; when the current was changed, the 
direction of rotation changed likewise. 

In this experiment the apparent deflection of the ray of light is 
by many believed to be occasioned by an alteration in the refracting 
power of the medium through which the ray passes, and not to an 
influence exerted directly by Magnetism on the beam of light. 

(1124) The apparatus shown in Fig. 449, was constructed by Pro- 
fessor Bottger {Beitrdge mr Physik et Chemie Prittes Heft, p. 1) 
for the illustration of these novel phenomena: « is a stand sup- 


Fig. 449. 



porting a pair of achromatic Nicol’s prisms, g and /, placed horizon- 
tally ; between these there is placed a brass tube, some 2 or 3 lines 
in diameter, and from 6 to 8 inches long, closed at both ends by 
plates of glass ; h Ji, the tube, filled with any double refracting fiuid, 
for instance, tartaric acid, oil of turpentine, a solution of sugar 
candy (ird candy and |rds water), &c., &c., is placed in the axis of 
a hollow helix, which is lined throughout its entire length with a 
thin cylinder of sheet iron, c ; the projecting terminals of the helix 
are brought by means of the commutator, d, into connexion with the 
poles of a Grove’s battery of 6 or 7 pairs. On letting the light of 
an argand lamp, z,*pasB through the hindermost Nicol’s prism, and 
thus causing a ray of polarized light to traverse the saccharine 
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solution in hh^ it will be observed that a certain position may be 
given to the front moveable prism, y, in which the field is dark ; if, 
now, by completing the circuit, the galvanic current be caused to 
traverse the helix c in such a manner that it enters the right-handed 
helix, where the polarized ray enters the refracting liquid, the longi- 
tudinal magnetic axis coinciding with the axis of the ray, or in 
other words, the magnetic N. pole being at and the S. pole at w, 
there will instantly be indicated a rotation of the plane of polariza- 
tion to the left, the field no longer remaining dark, but becoming of 
a reddish hue, the phenomenon remaining constant as long as the 
circuit is closed. On inverting the current by means of the com- 
mutator, so that the N. pole is brought to Ji and the S. pole to h, the 
plane of polarization becomes inverted to the right, the field at the 
same time becoming of a bluish green tint. 

(1125) Taking the natural rotating force of a specimen of oil of 
turpentine as a standard of Comparison, Faraday obtained the follow- 
ing numbers, a powerful electro-magnet being employed with a con- 
stant difierence of 2 J inches between its poles : — 


Oil of turpentine 
Heavy glass . 
Flint glass 
Bock salt 
Water . 

Alcohol . 

Ethet . 


. 11*8 
. 60 
. 2-8 
2-2 

. 10 

less .than water. 

. less than alcohol. 


— the different substances being corrected by calculation to one stan- 
dard length. That light and the magnetic and electric forces have a 
direct relation and dependence is further shown by the following 
experiment \* Place side by side a certain quantity of water in a 
helix, and a tube containing oil of turpentine. If the oil possesses 
right hand rotation, pass an electric current through the helix so 
as to give rotation to the right ; the water in the tube will acquire a 
rotatory power to the right,^ahd the two liquids will possess the 
same mode of action. Leaving now the tubes, the helix, and the 
current in the state just described, pass the polarized ray in the con- 
trary direction through the tubes, and observe at the opposite extre- 
mity of the tube. The oil of turpentine will be still seen to turn the 
ray to the right, but it will not be the same with the water, which 
will turn the ray to the left ; the rotation being absolutely connected* 
with the direction of the electric current which moves in the circuit. 


♦ Faraday, Comptes R^ndus, January 16, 1846. 
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and wliicli, seen through this extremity, passes to the left. If, instead 
of water, oil of turpentine be in the helix, and if the electric cur- 
rent be sufficiently intense to produce on the luminous ray a 
rotation equal to that determined by the oil, its rotatory power, 
observed on a ray passing in a certain direction, will appear double ; 
while, examined by a ray passing in the contrary direction, it will be 
reduced to zero. It thus appears, that it is only through the inter- 
vention- of matter that the direct relations of the magnetic force and 
light become manifest ; that different matters possess the property 
in different degrees ; and that as the substances between the mag- 
netic poles, though clearly affected by the magnetic force, are not 
rendered magnetic in the sense of iron, their molecular condition, 
while in this state, must be new^ and the force must be a new mag- 
nefic force. 

(112(5) The rotatory power superinduced by magnetic action is 
quite independent of that which the substance possesses of itself. In 
oil of turpentine, for instance, whicluwer way a ray of ligiit (polarized) 
passes through this fluid, it is rotated in the same manner, and rays 
passing in every possible direction through it simultaneously are all 
rotated with equal force, and according to one common law of direc- 
tion, i. e., all right handed, or else all to the left. This is not the 
case with the rotation superinduced on the same oil of turpentine by 
tlie magnetic or electric forces ; it exists only in one direction, that is 
in a plane perpendicular to the magnetic line, and being limited to 
this plane, it can be changed in direction by a reversal of the direc- 
tion of the inducing force. The direction of the rotation produced 
by the natural state is connected invariably with the direction of the 
ray of light, but the power to produce it appears to be possessed in 
every direction, and at all times, by the particles of the fluid ; the 
direction of the rotation produced by the induced condition is con- 
nected invariably with the direction of the magnetic line, or the elec- 
tric current, and the condition is possessed by the particles of matter, 
but strictly limited by the line or the currents changing and disap- 
pearing with it. 

(1127) The General Magnetic Condition of Matter. — The first 
substance submitted by Faraday to the action of the magnetic forces 
was heavy silicated borate of lead glass. A bar of this substance, 2 
inches long and J an inch wide and thick, was suspended centrally 
between the poles of a powerful electro-magnet ; when the effect of 
torsion was over, the current was thrown on; the bat* immediately 
moved, and took up a position across the magnetic line of force (equa- 
torial).* On beiiJg displaced, it returned to it, and this happened 
< 

* Let N and S, Fig. 450, represent the poles of a horse-shoe magnet looking down 
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many times in succession. The reversal of pjg 45 q 

the poles of the electro-magnet caused no 
difference. The bar went by the shortest 
course to the equatorial position. The power 
that urged the bar into this position was ^ 
so thoroughly under command, that it 
could be either hastened in its course into 
it, or arrested as it was passing from it, 
by seasonable contacts at the voltaic battery. If the bar was 
in the direction of the axis, or magnetic line of force, it did not 
move on making battery contact, neither did it if it was originally in 
the equatorial position ; but if it was in the least oblique, its obliquity 
increased till it became equatorial. Here, then, was a magnetic bar 
pointing E. and W. instead of N. and S. 

(1128) If the bar was suspended nearer to one pole than the 
other, it was repelled from the nearer pole ; and if it*was equidistant 
from both poles^ but in the axial line, that is in the line from pole to 
pole, it pointed equatorially on being moved a little on either side of 
the axial line from which it was apparently repelled. .If two bars 
were suspended each near the opposite poles, both were repelled by 
their respective poles, and thus appeared to attract each other; 
so also when two bars were hung equatorially on either side of 
the axial line, both receded from that line, apparently repelling one 
another. 

■When a cube was employed, the effect was repulsion from both 
poles, and recession from the magnetic axis on either side. The 
tendency was to move from a stronger to a iveaher place of magnetic 
force, and this is the cause of the pointing of any oblong arrange- 
ment. When one or two magnetic poles are active at once, the 
courses described by the glass form a series of curves, which Earaday 
calls diamagnetic curves in contradistinction to the lines called mag-- 
netic curves. In these experiments we have magnetic repulsion 
apparently without polarity. 

(1129) A very great number of other substances, both solid and 
liquid, were then submitted to the action of the magnet, the liquids 
being enclosed in small glass tubes hermetically sealed. The results 
are given in the following table ; — 

upon them ; the space between the poles is called “the magnetic field the line, a h, 
parallel to whic^i a magnetic body, such as a bar of iron, would take up its position, 
is called the “ axial line the line, c d, at right angles to a h, and parallel to which 
a diamagnetic body, such as a bar of bismuth would sot, is called the “ equatorial 
line.” • 
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POINTED EQUATOEIALLY (dIAMAONETIC) . 


POINTED AXIALLY 

(maonetic). 


Hock crystal. 

Nitric acid. 

Paper. 

Sulphate of lime. 

Sulphuric acid. 

Sealing wax. 

Sulphate of baryta* 

Muriatic acid. 

Fluor spar. 

Sulphate of soda. 

/ Solution of alka. \ 

Peroxide of lead. 

Sulphate of potassa. 

1 line- and earthy } 

Plumbago. 

Sulphate of magnesia. \ salts. ; 

China ink. 

Alum. 

Glass. 

Berlin porcelain. 

Muriate of ammonia. 

Litharge. 

Eed lead. 

Chloride of lea^ 

White arsenic. 

Sulphate of zinc. 

Chloride of so^iftnv' 

Iodine. 

Shell lac. 

Nitrate of pota^. ' 

Phosphorus. 

Silkworm gut. 

Carbonate of soda. 

Sulphur. 

Asbestos. 

Iceland spar. 

Eesin. 

Vermilion. 

Oxalate of lead. 

Spermaceti. 

Tourmaline. 

Tartrate of potash and Caffeine. 

Charcoal. 

antimony. 

Cinchona. 

1 

Tartaric acid. 

Margaric acid. 


Citric acid. 

Wax from shell lac. 


Water. 

Olive oil. 


Alcohol. 

Oil of turpentine. 


Ether. 

Jet. 


Sugar. 

Caoutchouc. 


Starch. 

Dried beef. 


Grum arabic. 

Dried blood. 


Wood. 

Fresh blood. 


Ivory. 

Leather. 


Dried mutton. 

Apple. 


Fresh beef. 

Bread. 



(1130) Phosphorus appears to stand at the head of all diamagnetic 
substances ; its pointing could be verified between the poles of a 
common magnet. If a man could be suspended between the poles, 
he would point equatorially, for all the substances of whioh be is 
made possess this property. The reason why Hood which contains 
iron is not magnetic, is, probably, because it is diamagnetic in a 
greater degree; and the latter force neutralizes and predominates 
over the former. 

By these new facts, forces directly the opposite of those existing 
in magnetic bodies are proved to have an existence ; for, whereas the 
latter produce attmetion, the former produce repulsion. The former 
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cause a body to set in tlie axial direction, but the latter make it 
take an equatorial position. 

(1131) Action of Magnets on the Metals * — The metals were exa- 
mined as to Magnetism by Fig. 451. 

suspending them in pieces of 
about 2 inches long in the mag- 
netic field of the electro-magnet. 

The apparatus employed by M. 

Pliicker (a philosopher who has 
followed up these inquiries with 
great ability and success) is shown 
in Fig. 451. The electro-magnet 
ah surrounded with 4 coils <rf 
thick silk-covered copper wire, 
each wound separately around 
its 2 branches, and commu-- 
nicating with 2 metallic conduc- 
tors n The currejjt from the 
battery is thrown on and off, and 
changed in direction, by means 
of a commutator c. The polos of 
the magnet are surmounted by 
a glass case with a suspension 
thread, so tliat diilereiit sub- 
stances may be submitted to the 
action of the magnet in a still atmosphere, or in atmospheres more 
or less charged with various vapours and gases. 

'(1132) The following metals, when thus tried, were either not 
magnetic, or if so, to so small an amount as not to destroy the results 
of the’ other force : — 

Antimony. Bismuth. Cadmium. Copper. - 

Gold. Lead. MercUry. Silver. 

Tin. Zinc. 

The following were magnetic in the sense of iron ; — 

Cobalt. Nickel. Platinum. Titanium. Palladium. 

Of all the metals, bismuth was found to be the most eminently 
diamagnetic, excelling in this property even heavy glass and phos- 
phorus ; and it is, therefore, specially adapted for showing the various 
phenomena. Its movements were, however, complicated, and 
demanded careful analysis; but they all resolved tliemselve^ into their 

3 0 




812 


t)IAMAG2rETISM. 


simple elementary origin ; the ruling principle being that each par- 
ticle of the metal tends to go from the stronger to the weaker points 
ofcthe magnetic field. When bismuth powder was sprinkled upon 
• paper and laid over the horizontal circular termination of the vertical 
pole of a bar electro-magnet, it retreated in both directions, inwards 
and out#irds, from a circular line just over the edge of the core, 
leaving the circle clear, and at the same time showing the tendency 
of the particles of bismuth to move in all directions from that line ; 
and when the pole was terminated by a cone^ a clear line could be 
traced through the powder, by drawing the paper on whiclj it was 
sprinkled over the cone. 

(1183) Copper' (in consequence^^ Faraday believes, of its excel- 
lent conducting powder for electric'^Srents) exhibited some remark- 
able phenomena. When suspended between the poles it first 
advanced towards the axial line, as if it were magnetic ; it then 
suddenly stopped, and took* up a new position, from which it could 
only be removed by the application of some force. Even when 
sw’inging with considerable monufntum, it coi4d be caught up and 
retained at will. If after the Magnetism had been sustained for tw'o 
or three seconds the electric current was suddenly stopped, there 
was instantly a strong action on the bar, and it began to revolve ; 
on again renewing the current it was again arrested as before. 
Some other metals, viz., silver, gold, zinc, cadmium, tin, mercury, 
platinum, palladium, lead, and antimony exhibited in a greater or 
smaller degree the same phenomena. 

In order to form a suflicient idea of the arresting power of these 
Fig. 452. induced currents, take a lump of solid 

copper, approaching to the cubical or 
globular form, weighing from a J. to J a 
pound, suspend it by u long thread, give it 
rapid rotation, and thou intaoduce it, while 
spinning, into the magnetic field of the 
electro-magnet, — its motion will be instantly 
stopped, and on trying further to spin it Avhilst in the field it will 
be found impossible. 

(1134) Faraday next submitted various metallic salts to the 
action of the magnet : all salts and compounds containing iron in the 
Imic part w^ere found to be magnetic both in the form of crj^stals 
and when in solution ; yellow and red ppussiate pjf potash were 
however both diamagnetic; pure sulphate and chloride of nickel, ' 
both in crystals ^nd in solution, were magnetic ; oxide of titanium, 
oxide of ‘chromium, and chromic acid were magnetic, as were also 
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the salts of raanganese and chromium ; the compounds of lead, 
platinum, palladium, and arsenic pointed equatorially, as was also the 
case with chromate of potash. An interesting set of results jivas 
obtained by filling tubes with ferruginous solutions of different 
degrees, of strength, and suspending them in similar ferruginous 
solutions, also of different degrees of strength, between tli> poles of 
the electro-magnet, l^hen the solution in the tube was stronger, 
or contained more iron than that in the glass in which* it was 
suspended, it pointed awicilly / when it was weaker, or contained less 
iron than tlmt in the glass, it pointed equatorially ; and when the 
solutions iip. both tube and glass were of the same degree of strength, 
the tube was indifferent. Let ^Kgs. 453 and 454, represei^ a thin 

Fig. 453. 



glass trough, filled with a solution of 16 grains of crystallized proto- 
sulphate of iron in each cubic inch of water, the trough being placed 
between the poles of a powerful magnet ; let hvl be an oblong glass 
trough, containing a solution of 8 grains of protosulphate of iron to 
each cubic inch of water, the latter will set across the magnetic field 
as in Fig, 454, like a bar of bismuth, because it contains less iron than 
the liquid in which it is suspended. Let the exterior trough be filled 
with the Weaker solution, and the interior tube with the stronger, the 
latter will now set as shown in Fig. 453, that is, axially, as it would 
do in air. Iron and nickel, when heated to a degree far above that 
required to Jteiider th^m insensible to an ordinary magnet, still 
pointed axially between the poles. By multiplying these experi- 
ments the following order of metals in their relation to the magnetic 
force was obtained (0° is the medium point or condition df a metal 
or substance indifferent to the magnetic force) ; — 
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MAGNETIC. DIAMAGNETIC. 


Iron. 

Bismuth. 

Nickel. 

Antimony. 

Cobalt. 

Zinc. 

Manganese. 

Tin. 

Chromium. 

Cadmium. 

Cerium. 

Sodium. 

Titanium. 

Mercury. 

Palladium. 

Lead. 

Platinum. 

Silver. 

Osmium. 

Copper. 

Gold. 

Arsenic. 

Uranium. 

llhodium. 

Iridium. 

Tungsten. 


0°. 

(1135) Action of Magnets on Air hnd Gases . — Common air, 
sealed hermetically iu a glass tube, ami ])laccd between the jxdes, 
pointed feebly towards the equatorial position, t}>e efieet being duo 
to the glass. When the air round the tube was rarefied, and finally 
exhausted as far as possible by a good pump, not the slightest diffe- 
rence in the pointing of tlie tube could be observed, neither could 
there when the tube W’as surrounded w ilh hydrogen or carbonic acid ; 
there seems, therefore, no difference between dense air and rare air, 
or between one gas and another. On the other hand, the air tube 
pointed axially wdien subjected to the magnetic forces wdiilst sub- 
merged in water, alcohol, turpentine, and mercury; the action of the 
air in the fluids being the same as the action of a magnetic body in 
air. Various gases and vapours and a vacuum pointed equatorial! g 
when surrounded with air, but axially w'hen surrounded with liquids ; 
the equatorial pointing being due to the glass only, but the axial 
pointing depends upon* the relation of the contents of the tube to 
the surrounding air. It appears, therefore, that gases and vapours 
occupy a medium position between magnetic and diamagnetic bodies|; 
and that however marked the diamagnetic character a body may 
be, it loses all trac.es of this character when it becomes vaporous. 
Taking air and a ^vacuum as the neutral point, the following table 
represents, a general list of certain substances in their relation to the 
magnetic force : — 
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Iron. 


BismuYh. 

Nickel. 


Phosphorus. 

Cobalt. 


Antimony. 

Manganese. 


Heavy glass! 

Palladium. 


Flint glass. 

Crown glass. 

Air and vacuum. 

Merepry. 

Platinum. 

0° 

Water. > 

Osmium. 

Middle of the series 

Gold. 



Alcohol. 



Ether. 

Arsenic. 


(1136) This position, intermediate between magnetic and dia- 
magnetic bodies taken by air; its exhibiting no change in its 
^elatiojis by rarefaction ; its taking a place exactly in the middle of a 
great series ; and lastly, the fact that all gases and vapours are alike, 
seeius to point to the fact that air must have a great, and perhaps an 
active part to play in the physical and terrestrial arrangement of 
magnetic forces. The whole of these extraordinary discoveriesr prove 
that the magnetic force presides over matter as universally as the 
gravitating, the electric, the chemical, and the cohesive forces, and 
that substances arrange themselves into two great divisions, the 
magnetic and the diamagnetic^ which are in the same general anti- 
thetical relation to each other as positive and negative in Electricity, 
or as nortliness and southness in polarity, or as the lines of elec- 
tric and magnetic forces in magnetic Electricity. either was 
this remarkable power (the diamagnetic), given to bodies for 
nothing. “It doubtless,” says Earaday, “has its appointed office, 
and that, one,, which relates to the whole mass of the globe. Eoi>, 
though the amount of the power appears to be feeble, yet, when it is 
considered that the crust of the earth is composed of substances of 
wdiich by far the greater portion belongs to the diamagnetic class, it 
must not be too hastily assumed that their effect is entirely overruled 
by the action of the magnetic matters, whilst the great mass of 
waters and the atmosphere must exert their diamagnetic action 
uncontrolled.” Faraday found that it required more than 48'6 
grains of crystallized protosulphate of iron to neutralize the dia- 
magnetic power of 10 cubic inches of water, and it is not, therefore, 
at all unlike^ that many of the masses which form the crust of our 
globe may have an excess of diamagnetic matter and act accordingly. 
He throws out the notion that it may not hereafter prove impossible 
to construct an instrument for measuring one oY the conditions of ■ 
terrestrial Magnetism^ on the principle that a pound of bismuth or of 
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watei^ estimated at the equator, where the magnetic needle does not 
dip, ought theoretically to weigh less than in latitudes where the dip 
is considerable, whilst a pound of iron or nickel ought under the same 
chahge of circumstances to weigh more. 

(1137) The Magne-cvystMic Force. — In his experiments on bismuth, 
Faraday had noticed some very embarrassing results ; e. y., taking at 
random from a quanl^y 4 small cast cylinders of the metal, and 
suspending them horizontally between the poles of the electro- 
magnet, the first pointed axially ; the second, equatorially ; the third, 
equatorial in one position, and obliquely equatorial if turned round on 
its axis 50° or 60° ; the fourth, equatorially ^^nd axially under the 
same treatment ; whilst all of them were repelled by a single 
magnetic pole, thus showing their strong and well-marked dia- 
magnetic character. The cause of these variations he succeeded in 
tracing to the regularly crystalline condition of the metallic cylinder. 
On suspending between the poles a carefully selected group of 
crystals of bismuth, and sending the current on, the metal vibrated 
strongly about a given line, into which at last it settled ; and if 
moved out of that position, it returned when at liberty into it, point- 
ing with considerable force, with its greatest length axial. The 
positimi taken up by the metal had nothing to do with its shape, but 
W'as entirely dependent on its crystalline condition, and the efiect 
occurred with a single pole. Now^ bismuth being eminently a dia- 
magnetic body, and as such tending to pass from a stronger to a 
weaker place of magnetic force, it would have no tendency to point 
at all in a field of uniform force (such as between the rounded poles 
of an electro-magnet) ; the crystalline group, however, does point in 
such a field, the tendency being that the line joining two opposite 
solid angles of the crystalline group, should take up an axial position. 
The impelling force is therefore distinct, both from the magnetic and 
the diamagnetic, and is called by Faraday the mayne-crystallie force. 

(1138) It was further noticed that the cleavage of the bismuth 
was not made with equal facility at the four solid angles, and that 
itvo, or more frequently one of the planes produced by cleavage were 
brighter and more perfect than the others. When the crystal was 
suspended in the magnetic field with its bright plane vertical, it 
pointed with considerable force with the plane towards either the one 
or the*other magnetic pole, so that the magne-crystallic axis appeared 
now to be horizontal, and acting with its greatest powepi^ when, how- 
ever, the crystal w^as suspended with its bright plane horizontal, so 
that the magne-crystallic axis was vertical, it did not point at all ; 
the law of ^action appearing to be, “ that the line or axis of magne- 
crystallic force tends fo place itself parallel, or as a tangent to the 
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magnetic curve or line of magnetic force, passing througli Che place 
where the crystal is situated.” It does not require very powerful 
magnets to exhibit these remarkable phenomena; they may be 
verified with common horseshoes, with a lifting power of unde/ 2 
pounds. Neither is bismuth the only metal in which ^ they are 
observed; Faraday having succeede4 in obtaining magne-crystallic 
action with antimony, arsenic, zinc, titanium, aid with the sulphates 
of nickel and iron. 

(1139) The most remarkable property of this force is its not 
possessing a dual or antithetical character, hoih poles of the crystal 
having like characters,^ but Faraday has shown by the following 
experiment that a crystal of bismuth is able to re-act upon and affect 
a magnet at a distance. He suspended a small magnetic needle per- 
pendicularly by a single cocoon filament, and placed near its lower 
pole a crystal of bismuth witli the inagne-crystallic axis in a horizon- 
tal direction, the wliole being left for two or three hours ; the effect 
was small but distinct, the result being, that if the direction of the 
magno-ciystallic axis made an angle of 10°, 20°, or 30*^, with the line 
from the magnetic pole to the middle of the bismuth crystal, then the 
j[)ole folio iced it, tending to bring the two lines into parallelism, and 
this it did whichever end of the magne-crystallic axis was tow^ds the 
l)ole, or whichever side it was inclined to. It thus appears that a 
crystal of bismuth is able to react upon and affect a magnet at a 
distance. This new force Faraday believes to be one induced under 
the magnetic and electric influences, and not an original force 
inherent in tlie crystal; for the crystal can take away nothing from 
the magnetic fluid, neither is it affected by the earth’s Magnetism ; it 
is, however, a most peculiar one, the body possessing it being moved 
without having any attractive or repulsive powers. 

(1140) AVliilst engaged in the study of the diamagnetic properties 
of organic bodies, Pliicker was induced to submit various crystalline 
bodies to the action of the magnet, and he made the following 
remarkable discoveries Taylor’s “Scientific Memoirs,” vol. 5): 
“ When any crystal having a single optic ^xis* is placed betw'een the 


* In all crystals which possess the property of double refraction, there are one 
or two directions in which the splitting of the ray does not take place ; these 
directions are calledd-he awes or the ojUic axes of the Fig. 455. 


crystals. Those crystals, the interiors of which i)re- 
sent only one^direction gf indivisibility, ai'e called 
uniaxial ; those with two directions of indivisibility 
are called hinaxial. As an example of an uniaxial 
crystal, Iceland spar may be taken, the primitive 
form of which is a rhombohedron (Fig. 455), that is, 
a crystal of this substance, w^hatever its form may 
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‘ two poles of a magnet, this axis is repelled by each of the two poles. 
If the crystal has two optic axes, each of these two axes is repelled 
by each of the two poles with the same force. The force which 
produces this repulsion is independent of the magnetic or dia- 
magnetic condition of the* mass of the crystal ; it diminishes less as 
the distance from the poles of the magnet increases, than the 
magnetic or diamagnetic forces emanating from these poles and 
acting upon the crystal. M. Pliicker suspended a green plate of 

be, is to be regarded as made up of an infinite number of molecules sym- 
metrically arranged side by side, each being a rhombohedron. The line a x 
joining the obtuse summits of one of these rhombohedrous is called its crystal- 
lographic axis. ' It has been proved experimentally fo be a law without exception 
that in an uniaxial crystal, the axis of double refraction, or the optic axis, coincides 
with the crystallographic axis. It has further been found that in some crystals 
the ray of extraordinary refraction is inclined /ro /a the axis, and in others towards 
it, more than the ordinary ray. The former are said to have a negative axis, the' 
latter a positive. Uniaxial crystals may, therefore, be arranged in two classes, as in 
the following table (Pouillet’s Elements of Physics ”) : 


NEGATIVE 

Iceland spar. 

Carbonate of lime and magnesia. 
Carbonate of lime and iron. 
Tourmaline. 

Rubellite. 

Corindon. 

Sapphire. 

Ruby. 

Emerald. 

Hydrochlorate of lime. 
Hydrochlorate of strontia. 
Subphosphate of potash. 

Sulphate of nickel and copper. 
Cinnabar. 

'Mellite. 

Molybdate of lead. 


UNIAXIAL CllYSTALS. 

Beryl 
Ax)atite. 

Idocrasc (Vesuvian). 
Wernerite. 

Mica (certain varieties). 
Phosx)hate of lead. 
Arseniophosidiate of lead. 
Hydmte of strontia. 
Arseniate of x)ota8h. 
Octohedrite, 

Prussiate of potash. 
Phosphate of lime. 
Arseniate of lead. 
Arseniate of copper. 
Nephilino. 


Zircon. 

Quartz. 

Oxide of iron. 
Tungstate of zinc. 
Stannite. 

B.)racite. 

Apojjhylite. 


POSITIVE UNIAXIAL CRYSTALS. 

Sulphate of potash and iron. 
Subacctate of copper and lime. 
Hydrate of magnesia. 

Ice. 

Hyposulphate of lime. * 
Dioptase. 

Red silver. 


It was discovered by Fresnel that in binaxial crystal^ there is nrf ordinary ray 
properly so called; neither of the rays into which the light becomes resolved 
obeying the usual law of refraction or the law of sines, as it is termed (the sines of 
the angles of incidence and refraction not being in a constant ratio.) The following 
table (Brewster) contains the names of a few binaxial crystals with the inclination 
of their optic axes to each other. 
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tourmaline, the longitudinal direction of which corresponde*d with the 
direction of its optic axis, between the poles of an electro-magnet in 
the apparatus sliown in Fig. 451, in such a manner that the direc- 
tion of the thread corresponded with the direction of the optic axis ; 
the plate being magnetic, arranged itself between the poles, the 
direction of its breadth coinciding with a straight line connecting the 
poles, as any other magnetic body of the same form 'would have done. 
J3ut wlien the plate was suspended in such a manner that the 
direction of its breadth coincided wnth that of the silk thread, so that 
the optic axis could now oscillate freely in a horizontal plane, it 
assumed that position which a diamacjnetic body of the - same form 
would have done : i. e., with its axial and longitudinal direction per- 
pendicular to the line of the apices of the poles. On again sus- 
pending the plate so that it could oscillate horizontally, it took up 
tlie same position as a diamagnetic body of the same form would have 
done. The direction of its breadth being in the line of the apices of 
the poles, and its longitudinal and axial direction perpendicular to it. 
By opening and closing the circuit in each of the three positions of 
suspension, the tourmaline could be turned round and retained in 
exactly the opposite position. 

(1141) Pliickcr then took a dark brown crystal, having the form 
of a six-sided prism, anti suspended it 4)et\veeii the poles, the latter 
being so close together that the crystal had just room to oscillate 
freely. Under those circumstances, the magnetic attraction caused 


i 

A, Principal Axis, — Positive. I B, Principal Axis, — Negative. 


Substances. 

Inclination. 

j Substances. 

Inclination 

Sul] »hate of nickel . 

3° to 42« 1' 

Nitrate of potash. 

5® 20' 

Biborate of soda 

28® 42' 

Carbonate of strontia , 

6 56 

Sulphate of baryta . i 

37 42 

Talc .... 

7 24 

Spermaceti .... 

37 40 

Cai’bonate of lead 

10 35 

Henlandite .... 

41 40 

Mica (certain varieties) 

14 0 

Sulphate of soda and magnesia 

46 49 

Sulphate of magnesia . 

37 24 

Brazilian topaz 

49 50 

Carbonate of ammonia . 

43 24 

Sulphate of strontia. 

50 0 

Sulphate of zinc . 

44 28 

Sulphate of lime , 

60 0 

Sugar .... 

50 0 

Nitrate of silver 

62 16 

Phosphate cf soda 

.55 20 

Scottish topaz .... 

65 0 

Tartrate of potash 

71 20 

Sulphate of pqjtash . 
Potassiotartraie of soda . 

67 0 

80 0 • 

Tartaric acid 

79 0 


Uniaxial crystals include all those crystals belonging 4o the pyramidal and 
rhombohedral systems; linaxial crystals include those belonging tt> the prismatic 
oUiqWf and anorthic systems. 
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‘the tourmaline to assume such a position that the axis of the prism, 
which is also its optic axis, coincided with the line of the apices of 
the poles. The poles were then gradually separated from each other, 
and as they receded, the force tending to keep the crystal in its first 
position became less and less intense, and wlien their distance 
amounted to 80 millimetres (about i^oths of an inch), the crystal 
rotated 90°, as if it became diamagnetic, so that its axis was now 
perpendicular to the line of the apices of the poles. On the further 
separation of the latter, the force which retaiilbd it in the position 
just described increased, and in this, it cojitinued distinctly to 
remain after the apices of the poles had been entirely removed. At 
a sufficient distance from the poles, therefore, the repulsive action 
overcomes the magnetic attraction. 

(1142) A crystal of calcareous spar, a decidedly diamagnetic body, 
was then suspended between the poles, so that its axis should oscil- 
late horizontally. On charging the magnet, the axis became placed 
exactly eqtiatoriallif^ the crystal assuming a position in which neither 
a magnetic nor a diamagnetic mass of the same form would have 
rested when acted upon by the magnetic and diamagnetic action of 
the poles of the electro-magnet. Various other magnetic crystals, 
viz., rock crystal, opaque crystallized quartz, a square octohedron of 
zircon, two yellowish-green transparent crystals of emerald, a black 
idocrase, and a large corundum, exhibited the same deportment, a.s 
did also the following hinaxial crystals (crystals having two optic 
axes), mica, a magnetic body; topaz, sugar, arragonite, nitre, and 
sulphate of soda — diamagnetic bodies. All these, when suspended so 
that the planes of their two optic axes could oscillate horizontally, 
took up the equatorial position. 

(1143) These experiments appeared to Pliioker to disclose a rela- 
tion betiveen the forms of the ultimate particles of matter and the 
magnetic forces, and to lead to the remarkable result that we can 
determine crystalline forms by the magnet. lie thought, moreover, 
that they showed the existence of a relation between the forces 
which are in action during crystallization and the magnetic forces. 
According to Faraday’s view, the new force discovered by Pliicker is 
an optic axis force exerted in the equatorial direction, and therefore 
existing in a direction at right angles to that which produces the 
magneto-crystallic phenomena; both forces, however, have relation to 
the force conferring the condition of crystalliiib structure, and Fara- 
day is of opinion that tliey have one common origin and cause. 

(1144) The morq recent experiments of Tyndall and Knoblauch 
(P/^^7. Mag^ vol. xxxvi. p. 178, and vol. i., N. S., p. 1) lead, however, 
to a different view of the nj-atter. These physicists have investigated 
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Pliicker’s phenomena with great ability. They have shown that the ^ 
action of a crystal so far from being independent of the Magnetism 
or Diamagnetism of its mass, as announced by Pliicker, is totally 
changed by the substitution of a magnetic constituent for a dia- 
magnetic. In determining whether the ojitic axis will be repelled or 
not, their plan was to take a thin rhomb, cloven from the crystal, 
and liaving ground it into the shape of a disc, it was suspended 
between the poles, when, if it belonged to a class whose optical axis 
is repelled, the line bisecting the acute angles of the rhomb set 
itself axial, if of the other class, the same line set itself equatorial. 
Tliei-r method of examining crystals was to pound them in an agate 
mortar, and then to make them into a paste with distilled water, 
wliicli, when dry, they suspended between the poles. On experi- 
menting Avith gutta percha, ISlessrs. Tyiidull and Knoblauch found 
that a circular disc of this substance always arranged itself with the 
direction of the fibre and a parallelogram, ^ths of an inch long 

and 2 an inch Avide, Avith the fibres crossing \t transversely, set stiffly 
equatorial. This they consider to be owing to the facility with 
which tiic magnetic force can act in the direction of the fibre. The 
same phenomena Avere produced Avith ivory, which could be made to 
stand either axially or equatorially by cutting it in a particular way. 
They consider that Pliicker’s explanation of Paraday’s experiment is 
incorrect, and that the setting of a crystal in the magnetic field is 
dependent on the amount of magnetic or diamagnetic force in the . 
direction of the lines of cleavages. 

(1145) The experiments of Messrs. Tyndall and Knoblauch are 
irreconcilable Avith Pliii'ker’s statement, that the position of the 
optic axis is independent of the IMagnetism or Diamagnetism of the 
crystal; nor does their extensh^e examination of crystalline bodies 
confirm the law announced by the Grerman, philosoplier, that “ there 
will be either repulsion or attraction of the optic axes by the poles of 
the magnet, according to the crystalline structure of the crystal — if 
the crystal is a negative one there will be repulsion, if it is a positiA'C 
one there will be attraction in some ca<ses they found this law to 
hold good, but in many others the results w^ere opposed to it. 

(114G) Messrs. Tyndall and Knoblauch quote the following ex- 
periment to show that the deportment of crystalline bodies in the 
magnetic field may be explained without assuming the existence of 
an “ optic a^is ” foroe : Take a slice of apple, rather thicker than a 
penny piece, stick through it, in a direction perpendicular to its flat 
surface, some bits of iron wire, and hang it in tj^e magnetic field ; it 
will set itself equatorial, not hy repulsion, but by the attraction of 
the iron wires. Substitute bits of bisn^th wire for the iron, the- 
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•*apple will*now set axial, not hy attraction, but by the repulsion of 
the bismuth. Now, arrangement is conceivable amongst the par- 
ticles of a magnetic or a diamagnetic body capable of producing 
similar effects, and if the magnetic and diamagnetic forces be asso- 
ciated with the particles of matter, the inference is not unreasonable 
that the closer these particles are aggregated, the less will be tlic 
obstruction offered to the transmission of the respective forces 
among them. As regards Magnetism, different directions through 
the same body may represent good and bad conductors in Elec- 
tricity, the line of preference being that of closest contact among 
the material particles. If some fine bismuth powder be kneaded 
into a paste with gum-water, and then^ made into a roll, about 
li inch across, it will point ciiuatoriaUy between the magnetic 
poles, but if it be squeezed flat it will point axially, even though its 
length be ten times that of its breadth j again, if a similar roll be 
made of pounded carbonate of iron, it will point axially, but after 
being squeezed, it will recoil violently between the poles,, and point 
equatorially. The cause of these phenomena is evident. The line 
of closest contact is perpendicular in each case to the surface of the 
plate, a consequence of the pressure in this direction; and this 
perpendicidar stands axial or equatorial, according as the plate is 
magnetic or diamagnetic. This sort of action must exist in all 
non-homogeneous masses, and there must be an election of a certain 
line by the force operating, and this line they call the line of elective 
'polarity, 

(1147) Messrs. Tyndall and Knoblauch imitated Faraday’s expe- 
riments with crystals of sulphate of iron by substituting for them a 
model of powdered carbonate of iron with gum-water, made into a 
paste, and compressed and arranged so that the line of “ elective 
polarity” through the model was perpendicular to the length. With 
this they obtained corresponding results ; the model, though mag- 
netic, and strongly attracted by the magnet, actually receded from 
it when made to stand between the flat-faced poles obliquely. In 
the same way, by using bismuth powder, they imitated Faraday’s 
experiments with a plate of bismuth. Now, as by reducing tho 
substances to powder, all symmetry of crystalline arrangement is 
annihilated, and the force among the particles which makes them 
cohere in regular order, rendered ineffective, it would seem that 
Magnetism and Diamagnetism are clearly modified by mechanical 
arrangement. They enunciate the general principle in the fol- 
lowing terms : “ If the arrangement of the component particles of any 
hody, he such as to present different degrees of proximity in different 
directions, then the line of closest proximity, other circumstances being 
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cqttal, will he that chosen hy the respective forces for the exhibition of 
their greatest energy. If the mass he magnetic^ this line will stand 
axial ; if diamagnetic^ equatorial*^ Both experiment and speculfjtion 
seem, indeed, to concur in pronouncing the line of closest proximity 
among the particles tO be that in which the magnetic and dia- 
magnetic foi:ces will exliibit themselves with peculiar energy, thus 
determining the position of the crystalline mass between the poles. 

(1148) It had been announced by Pliicker as a law that the 
magnetic attraction decreases in a quicker ratio than the repulsion 
of the optic axis. By this law Ife accounted for the following fact. 
On setting a small rhomboid of Iceland spar, with its optic axis hori- 
zontal, between the pointed poles, brought together as closely as pos- 
sible, it sets equatorially, the optic axis coinciding with the magnetic 
axis ; on now separating the poles \ or of an inch from each other, 
•the rhomboid turns through 90*^, and sets wdtli its optic axis equa- 
torial, and its greatest length axial. In the first instance the dia- 
magnetic force overcame the optic axis force ; in the second the 
optic axis force was the strongest. Tyndall and Knoblauch imitated 
these phenomena exactly with a model rhomboid, made by dissolving 
pure Iceland spar in hydrochloric acid, precipitating by carbonate of 
«ammonia, and mailing with this precipitate a dough with gum-w'atcr, 
which they squeezed in one direction, so that the line of compression 
throng] 1 the inodel coincided witli that which represented the optical 
axis. Between the near points of the magnet the artificial Oj^tical 
axis stood from point to point ; between the distant points it stood 
equatorially. Tliey also constructed models of magnetic crystals from 
emery sand-paper ; some of these, where magnetic layers of emery 
were perpendicular to its length, acted in the magnetic field pre- 
cisely like a iirism of beryl ; between the near points both stood axial, 
between the distant points equatorial. Prom these and many 
similar experiments, these intelligent philosophers came to the con- 
clusion that both classes of phenomena have a common origin ; and 
that from the deportment of crystalline bodies between the poles of 
a magnet, no direct connexion between light and Magnetism can be 
inferred. 

(1149) Constancy of Differential Magne-CrystaJUc Force in Diffe- 
rent Media. — It had been observed by Paraday in his earlier expe- 
riments on magne-crystallic action, that with respect to bismuth the 
relation between the magnetic force in the axial and equatorial 
directions was unchanged by varying the surrounding medium from 
\vatcr to a solution of sulphate of iron. In his Thirtieth Series of 
Experimental Eesearches (Nov. loth and 2oth, 1855), he makes this 
condition the subject of further and special investigation. The 
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** method employed to compare the possible variation of force pro- 
duced by different circumstances, was to suspend tlie magne-crystal 
by a torsion fibre or wire, to place it in the magnetic field, to 
adjust the torsion index so that it should be at zero when the crystal 
Lad taken its position of stable equilibrium; then to put on 
handed torsion until the crystal had attained the point of unstable 
equilibrium, or the upsetting point on tliat side; and after having 
noticed the torsioii required, to reverse the motion, and put on left- 
handed force, until the upsetting point on the opposite side was attained. 
Either of those forces, minus the deflection, is the measure of the 
upsetting force, and therefore the sum of these two obsers^ations, 
minus the number of degrees through which tlie crystal has moved 
in passing from one upsetting point to the other, may be considered 
as expressing the force which solicits the crystal to retain its stable 
position of rest. 

(1150) The magnet employed was that great one constructed by 
Losreman, and sent to the Exhibition of 1851. It could sustain a 
weight of 430 pounds, and is very constant in })Owcr. The sliding poles 
pieces were of square iron, and presented either poii.te I termina- 
tions towards each other, or two flat faces 1‘7-inch S(iuarc, which 
could be brought up to tlie opposite sides of the trouglis or vessels 
containing the different fluids or media n?quired for the experiments. 
These vessels were of various sizes and kinds ; but the outer ones 
were usually of copper, with flat sides, tliat the pole pieces might 
bear against them, and be thus preserved in their position during 
the progress of a single experiment, or a series of comparative 
results. The torsion suspender was about 24'5 inches in length, and 
w^as either a fine jilatinuin wire, of which 28’5 inches w^eighed 1 
grain, or a finer wire of silver, or a bundle of cocoon silk fibres. 
The torsion wire terminated below, by a hook, made out of a flat 
piece of cox^per foil, intended to receive on its edge a corrcs^ionding 
hook attached to the object submitted to ex^ieriment. The crystal 
wus held by one turn of a fine ccjjiper wire which was continued 
upw^ard for 5*7 inches, and terminated by aflat hook, like that just 
described. A horizontal bristle w’as fixed to each loop, and this, by 
its position, not only showed the place of tlic crystal beneath, but 
being retained between moveable stops associated with a horizontal 
scale, it indicated when the crystal was approaching the upsetting 
point, and being held within, and governed by the stops, allow^ed 
them, through it, to govern the crystal. , The balance was enclosed by 
glass, to obviate the, effects of currents of air. 

(1151) ’V'ith this ax)paratus Earaday exjierimented with hismuth, 
tourmaline, p7'otocarbonate of iron, and rei ferroprussiate of potassa, 
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in various media. With a bismuth crystal, in the form bf an octa-* 
gonal prism, suspended perpendicularly between the flat faces of the 
sliding poles, so that its magn e-cry stall ic axis was horizontal, the up- 
setting torsion force in air was 2250° ; in absolute alcohol, 2269^ ; in 
water, 2230° ; and in saturated solution of protosulphate of iron, 
2234°. In another experiment at a higher temperature, viz., ] 60° 
Fahr., the torsion force in water was 1945°, and in mcliedi phosphorus, 
1950°. With tourmaline the following numbers were obtained, the 
fine - silver torsion wire being employed : water, 1082° ; olive oil, 
1085°; alcohol, 1081°; air, 1079°; saturated solution protosul- 
phate of iron, 1081°.^ A rough octagonal prism of native protocar- 
honate of iron (a highly paramagnetic substance) being suspended 
between the poles, opened to the full extent of the magnet, viz., 4*7 
inches ; the torsion force in ivater was 542 ; in air, 543 ; and in 
protosulphaie of iron, 542. Lastly, a crystal of red fcrropvus- 
siate of potash, gave a torsion force in air, 314; and in cawphine, 
310. 

(1152) These results point to the conclusion that there is no 
experimental diflerence in the proportion of tlie force developed in 
different directions in a magne-erystal, by the action of induction, 
whatever be the nature of the medium surrounding it, and whatever 
the difference in tlie paramagnetic and diamagnetic character of the 
crystals, or the media employed, — crystals differing as much as 
bismuth and carbonate of iron, an’d media diflering as greatly as 
jdiospliorus and saturated solution of protosulphato of iron having 
been employed. The aptitude of a magnc-crystal, when in the mag- 
netic field, to assume a maximum conductive state in a given direc- 
tion, makes it similar in action to a permanently magnetized sphere ; 
and magne-crystals may be employed in experiments to measure mag- 
netic force just as needles are ; indeed, tliey are in some points of 
view philosophically more accurate, being equal in quality in all 
their parts, taking up precisely the same state under the same induc- 
tive force ; having no coercitive or retentive faculty, and being inde- 
pendent of the surrounding medium. 

(1153) As the setting force of a crystal remains constant for any 
surrounding medium, the possibility existed of finding a magne- 
crystal and a medium so related that the attraction and repulsion of 
the crystal as a whole, should be convertible terms depending upon 
the position of the crystal in regard to the lines of force. This case 
Faraday realized with the paramagnetic red ferroprussiate of potassa 
and a solution of sulphate of iron, and also with the diamagnetic 
crystal, carbonate of lime, and diluted alcohol. Tie also sought for a 
crystal amongst the ferrocarbonates of lime having this relation to 
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lihe assumed natural zero presented by a vacuum, or carbonic acid ; 
but this case was not realized. 

(1154) Action of Heat on Magne-cry stale. — AVhen magne-crystals 
subjected to the same constant magnetic force, were raised or lowered 
to different temperatures,® it was found that the setting force w’as 
affected ; and at all temperatures, from 0*^ Eahr. upwards, the force 
diminished as the ternperatui’e became higher. Thus the torsion 
force of a crystal of bismuth at 92° being 175°, was at 279° 
diminished to 82^ ; that of a tourmaline, by passing from the 
temperature of 79° to 289°, was so far diminished, that the power at 
the low'er temperature was nearly double that a^t the higher. A like 
result occurred with carbonate of iron^ and also with compressed 
bismuth. In all these cases the bodies resumed their first full 
power on returning to lower temperatures, nor was there any 
ai^pearance of magnetic charge in any part of the range of observa- 
tions. Between 32° and 300° the force of bismuth appeared to alter 
by equal, regular degrees ; but with tourmaline and carbonate of iron 
the change was greatest for an equal number of degrees at the lower 
temperatures. At a full red heat, however, both tourmaline and 
calcareous spar retained a portion of their magiic-crystallic force or 
condition, and so did carbonate of iron up to that temperature at 
Avhich it was decomposed. A crystal of ferrocarbonate of lime had 
its magnetic condition absolutely reversed by cliango of tempcratiu’e ; 
at low temperatures the optic axis pointed axially, and at high 
temperatures equatorially. 

(1155) Effect of Heat upon the Absolute 31agnetic Eorne of Bodies . — 
At temperatures varying from 30° to 288° the inductive force in iron 
appears to undergo no change, having obtained and kept its 
maximum degree; with niclcel there is a diminution of force at the 
upper temperature, which is in accordance with the general effect of 
heat ; with cobalt, on the other hand, there was an increase of power 
with elevation of temperature. Faraday thinks it probable that in 
passing to lower temperatures than those employed, a particular 
temperature would be arrived at for nickel and iron, presenting the 
maximum ‘magnetic induction for each, and below" which their 
inductive force would diminish — a A"iew wdiich adds much additional 
interest to the relation between heat and Magnetism. 

(1156) Diamagnetic Bolarity. — By the following experiment, 
Weber {Pogg. Ann. Jan., 18*48)' -considers th^ polarity' of bismuth 
to be prored : A strong horseshoe magnet is laid upon a table in 
such a position that the line joining its tw^o poles is perpendicular to 
the magne^iic mericlian, and to be considered as prolonged on one 
side ; in that line, and near the magnet, is to be placed a small 
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powerful magnetic needle, suspended by a cocoon silk, and on the* 
other side of it, the pole of a bar magnet, in such a positk)n, and so 
near, as exactly to counteract the effect of the horseshoe magnet, 
and leave the needle to point exactly as if both magnets were away. 
Then a mass of bismuth being placed between the poles is said to 
react upon the small magnet needle, causing its deflection in a 
particular direction^ and is supposed to indicate the polarity of the 
bismuth under the circumstances, as it had no such action when the 
magnets were away.. A piece of iron, in the place of the bismuth, 
produces a contrary deflection of the needle. This experiment may 
bo various] 3^ modified, but in every case the force of the bismuth 
must be observed upon other magnet poles than those which deter- 
mine the diamagnetic condition of the bismuth, and they all concur 
(according to Weber) in confirming the assertion that bismuth con- 
stantly acts upon such poles in an opposite manner to iron in its 
place, that it consequently repels where iron attracts, and attracts 
where iron repels ; in short, that at other magnet poles than those 
which diainagnetizc the bismuth w^e as frequently observe attractive 
as repulsive forces of the bismuth. 

(1157) In order to remove every doubt as to the diamagnetic 
force beiflg really' nothing else than the magnetic fluids, or their 
equivalents Ampere’s currents, Weber proceeded to examine whether, 
agreeably with the laws of induction discovered by Faraday, an elec- 
tric current can bo induced in a neighbouring conductor by rotating 
a diamagnetic body under the influence of a powerful magnet. The 
following was the arrangement adopted ; An iron nucleus, 600 milli- 
metres * in length, coated several times 'with thick copper wire, w^as 
used as the electro-magnet. To the circular terminar surface, 50 
millimetres in diameter, of this iron nucleus, was fixed the annular 
conductor, 'which consisted of cox^per 'wire, 300 metres long, and 
nrds of a millimetre thick, well spun 'with silk, and coiled upon 
wooden cylinders. The space included in this annular conductor, in 
which the bar of bismuth was to be placed, was 140 millimetres in 
length, and 15 millimetres in breadth ; the. bar of pure precipitated 
bismuth was somewhat thinner. The extremities of the annular 
conductor were connected with a commutator, as were also the 
extremities of the multiplier of a very sensitive galvanometer, the 
magnet needle of which w'as provided with a mirror, in which the 
image of the distant^ scale ■was observed by a telescope directed 
tow^ards it. *The galvanometer was, moreover, x)rovided with so 
eflectivc a damper that it w’as scarcely possible to observe any 
vibration of the needle. 

• 1 millimetre = 0'03937 English inch ; 1 metre = 39*37 English inches. 
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Now, wllilst a very powerful and constant galvanic current passed 
tlirougli the thick wire of the electro-magnet, the bar of bismuth 
was withdrawn from the annular conductor, the commutator changed, 
and the bar of bismuth again inserted, the commutator again changed, 
and the bar of bismuth withdrawn, &c. During this experiment, 
continued for about one minute^ the state of the galvanometer was 
read off at intervals of about 10 seconds. 

A second series of experiments was now made, but with this 
difference, that the commutator assumed that position, on withdraw- 
ing the bar of bismuth which it had occupied in the first scries on 
inserting the bismuth, and vice versa, 

(1158) The results were these: The commutator being in tho 
position A, whilst the bismuth was withdrawn, the galvanometer rose 
2*62 ; tho commutator being in the position B, whilst the bismuth 
was withdrawn, the galvanometer 2 TO. The extreme end of an 
iron bar being substituted for the bismuth, the induced current was 
too powerful to be measured ; the direction of the needle could alone 
be observed. The position of the commutator being A, wdiilst the 
iron bar was removed, there was a decrease in the deflection of the 
galvanometer ; and the position of the commutator being B, there was 
an increase in the deflection of the needle on removing thairon bar, 
and these results being exactly the reverse of those obtained with 
the bismuth, prove, (according to Weber,) the induction of electric 
currents by the diamagiietization of the bismuth, tho direction of 
these currents being constantly the reverse of those induced by iron 
under the same circumstances, precisely as it should be if the 
bismuth contained magnetic fluids, or their equivalents (Ampere’s 
currents,) ^hich are set in motion, or rotated under the influence of 
powerful magnets in exactly an opposite direction to that of iron. 

(1159) The apparatus employed by Faraday for the determination 
of this question is thus described Trans. ^ part i., 1850) ; “ A 

straight wooden lever, 2 feet in length, w'as fixed by an axis at one 
end, and by means of a crank and w^heel made to vibrate in a hori- 
zontal jdane, so that its free extremity passed to and fro through 
about 2 inches. Cylinders of metal, or other substances, 5j inches 
long, and iths of an inch in diameter, were fixed in succession to the 
end of a brass rod, 2 feet long, which itself was attached at the 
other end to the moving extremity of the lever, so that the cylinders 
could be moved to and fro in the direction of their length through a 
space of 2 inches. A large cylinder electro-magnet was also pre- 
pared, the iron core of which was 21 inches long and 1*7 inchin 
diameter ; but on^ end of this core was made smaller for the length 
of 1 inch, being in that part only 1 inch in diameter. On to this 
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reduced part was fixed a hollow helix, consisting of 616 feet of fine 
covered copper wire ; it was 3 inches l«ng, 2 inches external diameter, 
and 1 inch internal diameter ; when in its place, 1 inch of the central 
space was occupied by the reduced end of the electro-magnet core 
which carried it, and the magnet and helix were both placed concen- 
tric with the metal cylinder above mentioned, and at such a distance 
that the latter in its motion would move within the helix, in the 
direction of its axis approaching to, and receding from the electro- 
magnet in rapid or slov^' succession. The least and greatest distances 
of the moving cylinder from the magnet during the journey, were 
Jth of an inch and 2*2 inches. The object, of course, was to observe 
any infiuence upon the experimental helix of fine wire which the 
metal cylinders might exert, either whilst moving to or from the 
magnet, or at difierent distances from it. 

“ The extremities of the experimental helix wire were connected 
with a very delicate galvanometer, placed 18 or 20 feet from the 
machine, so as to be unaffected directly by the electro-magnet ; but 
a commutator w'as interposed between them. This commutator was 
moved by the wooden lever, and as the electric currents which would 
arrive at it from the experimental helix, in a complete cycle of motion, 
or to-and-fro action of the metal cylinder, w^ould consist of two con- 
trary portions, so the office of this commutator was, sometimes to 
take up these portions in succession, and send them on in one con- 
sistent current to the galvanometer, and at other times to oppose 
them and to neutralize their result; and, therefore, it was made 
adjustible, so as to change at any period of the time or part of the 
motion. 

‘‘ With such an arrangement as this, it is known,^that however 
powerful the magnet, and however delicate the other parts of the 
apparatus, no cflect will be produced at the galvanometer as long as 
the magnet does not change in force, or in its action upon neigh- 
bouring bodies, or its distance from, or relation to, the experimental 
helix ; but the introduction of a piece of icon into the helix, or any- 
thing that can influence, or be influenced by the magnet, can, or 
ought to show a corresponding influence upon the helix and galvano- 
meter. ‘ The apparatus y observes Faraday, ‘ I should imagine to be 
almost the same in principle and practice as that of M. Weber, except 
that it gives me conteaby eesults.’ ” 

To insure steadiness, the machine, the magnet and helix, and the 
galvanometer “stood upon separate tables on a stone floor laid upon 
the earth, the table carrying the machine being carefully strutted to 
neighbouring stone work. No iron was employed in any of the 
moving parts, and great care was taken to prevent the cofe while in 
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' motion from disturbing in the least degree the experimental helix 
and magnet. The magnet wa^ excited by a current from 5 pairs 
Grove’s plates, and was then very powerful. 

It was observed that on connecting the magnet with the battery, 
and then the experimental helix with the galvanometer (a very deli- 
cate instrument by BuhmkorfF), a current appeared at the latter, 
which continued a varying time, and which seemed to come from the 
battery. This current, which it was necessary in these delicate 
investigations to guard against, was traced to the time occupied by 
the iron core in attaining its maximum magnetic condition. It dis- 
appeared after the magnet had been excited a short time, and no 
experiment was proceeded with till it had entirely ceased. 

(1160) On proceeding to experiment with this apparatus, Paraday 
found that when magnetic metals were used as cores, and such a 
velocity given to the machine as to cause five or six approaches and 
withdrawals of the core in one second, the direction in which the 
needle of the galvanometer moved was consistent with the efiect of a 
magnetic body ; but when diamagnetic metals were used, the deflec- 
tion of the needle was in a contrary direction, hut the deflection was 
not the greatest for the most diamagnetic substances ; indeed, the effect 
with bismuth, antimony, and phosphorus was scarcely appreciable. 
The effects were proportionate to the conducting power of the substance 
for ILlectricity ; and after minutely examining into all the circum- 
stances, and varying the experiments in many ways, Paraday came 
to the conclusion that they were due to induced currents moving 
through the masses of the diamagnetic substances, and not to any 
polarity correspondent in its general nature (though opposed in its 
direction) to that of iron. 

(1161) Referring to Reisch’s experiments as described by Weber, 
according to which both N. and S. poles, when they act at the same 
time on the same side of a piece of bismuth, by no mejins repel it 
with the sum of the forces which they would individually exert, but 
only with the difference of these forces ; Paraday says, that he 
repeated it “ carefully and anxiously, but could never obtain the 
slightest trace of action with the bismuth.” He obtained action 
with the iron, but in those cases the action was far less than if the 
iron were applied outside between the horse-shoe magnet and the 
needle, or to the needle alone, the magnets being entirely away ; with 
weak magnetic substances, he did not find the arrangement at all 
comparable for readiness of indication or delicacy, with the use of a 
common or an astatic needle. 

Paraday also refbrs to an experiment of Plucker, which at first 
seems to indicate strongly the polarity of bismuth or phosphorus. If 
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a bar of either *of these substances be suspeAded borizontallj# 
between the poles of the electro-magnet, it will go to the 
equatorial position with a certain force, passing from stronger to 
weaker places of action. If a bar of iron of the same size be 4xed 
in the equatorial position, a little below the plane in which the 
diamagnetic bar is moving, the latter will proceed to the equatorial 
position with much greater force than before, and this is considered 
as due to the circumstance that on the side where the iron has N. 
polarity, the diamagnetic body has S. polarity, and that on the 
other side the S. polarity of the iron and the N. polarity of the 
bismuth also coincide. 

(1162) It is, however (says Faraday), very evident that the lines of 
magnetic force have been altered sufficiently in their intensity of 
direction, by the presence of the iron, to account fully for the in- 
creased effect. For, consider the bar as just leaving the axial posi- 
tion and going to the equatorial position, — at the moment of starting 
its extremities are in places of stronger magnetic force than before, 
for it cannot be doubted for a moment that the iron bar determines 
more force from pole to pole of the electro-magnet than if it were 
away. On the other hand, when it has attained the equatorial posi- 
tion, the extremities are under a much weaker maguetic force than 
they w^ere subjeeJt to in the sanie places before, for the iron bar 
determines dow uwaids upon itself much of that force which, when it 
is not there, exists in the plane occupied by the bismuth. Hence, in 
passing through 90®, the diamagnetic is urged by a much greater 
difference of intensity of force when the iron is present than when 
it is away ; and hence, probably, the whole additional effect. . . . The 
effect docs not (Faraday thinks) add anything to the experimental 
proof of diamagnetic polarity, nor can he, find any evidence of 
such a state either in his own experiments or in those by Weber or 
Eeisch, and the actions represented or typified by iron, by copper, and 
by bismuth remain at present distinct. 

(1163) A series of memoirs have recently been published by Von 
Feilitsch {Pogg, Ann.), in which he endeavours to prove that dia- 
magnetic bodies possess a polarity the same as that of iron ; and in 
this uncertain state of the subject some admirable experiments were 
undertaken by Dr. Tyndall, the results of which were laid before the 
Physical section of the British Association at Liverpool in 1854. 
That the repulsion of a diamagnetic body depends not alone on the 
magnet oper/lting upon it, but upon the joint action of the magnet 
and diamagnet, is proved by the fact that the repulsive force increases 
not simply in proportion to the strength of the •magnet, but to the 
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square of*fche strength.* Tyndall confirms the obserration of Ecisch, 
that the condition, whatever it may be, which is evoked in a bar of 
bismuth by one magnetic pole is neutralized by the other ; that each 
pole evokes a condition peculiar to itself, for when a bar of that 
metal was suspended between the poles of two bar electro-magnets it 
was repelled when the poles were alike, but remained motionless 
when the poles were of difierent names. The most perfect antithesis 
was observed in all cases between the deportment of a normal dia- 
magnetic bismuth bar (a bar in which the planes of principal cleavage 
are parallel to the length of the bar) and a bar of soft iron ; the elec- 
tric and magnetic forces, which caused a deflection of the former from 
right to left, produced a deflection of the latter from left to right. 
The whole of the experiment seemed to justify the presumption, that 
whatever be the nature of the influences evoked in magnetic bodies by 
the action of currents or magnets, or of both combined, to an in- 
fluence of the same nature but antithetical in its manner of distri- 
bution, the deportment of diamagnetic bodies is to be referred. 

(1164) The following experiment is described by Tyndall as 
pointing to the conclusion that, whatever the ideal magnetic distri- 
bution in iron may be, a precisely opposite distribution occurs in 
bismuth ; or, in other w’ords, that the diamagnetic force is a polar 
force, but that the polarity is the reverse of magnetic polarity. Two 
helices were so placed that the end of the soft iron cores which fitted 
into them, were about 6 inches apart from centre to centre ; the he- 
lices were at opposite ends of the plane which touched the ends of 
the cores. A helix of copper wire was introduced, and within it a 
bismuth bar, inches long, and four-tenths of an inch in diameter, 

* This mark of distinction between those bodies which have their power of 
exhibiting magnetic phenomena conferred upon them by the magnet, and those 
whose actions are dependent iipon some consUint property of the mass, was 
pointed out by Tyndall and Poggendoi-ff in 1851. It may be illustrated thus : 
Let M represent the Magnetism of either pole of a magnet, and let M' be the 
Magnetism of the opposite pole of a very hard steel bar, then their mutual 
attraction at a given unit of distance is expressed by the product MM'. If now 
the power of the pole of the magnet be increased to n M, the mutual attraction 
will be n MM', provided, that is, that the steel bar is hard enough to resist 
magnetization by influence ; hence, when a variable magnetic pole acts on an 
opposite one of constant power, the attraction is pix)portional to the strength of 
the former. But, if instead of a hard steel bar, a piece of soft iron (M') be taken, 
the Magnetism of which will increase in the same ratio as that of the influencing 
pole of the magnet, then on increasing the power of the latter from M to w M, 
the attraction expressed by the product of both will be w«MM' ; that is to say, 
the atti’action of a body magnetized by influence, and whose Magnetism varies as 
the strength of the influencing magnet is proportional to the square of the strength 
of the lattef. 
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was freely suspended, so that the ends of the bar*were opposite to^ 
those of the soft iron cores. A current being sent through the helix, 
if the bismuth bar within it were excited by the current, it was pro- 
bable that the nature of the excitement would manifest itself in the 
action of the magnets upon the diamagnetic body. By working deli- 
cately, the most perfect mastery was obtained over the suspended 
bismuth : when the current through the helix flowed in a certain 
direction, the ends of the diamagnetic bar were repelled by the elec- 
tro-magnets ; when the current flowing through the helix was reversed, 
the same ends were attracted by the magnet. The same effect was 
obtained when instead of reversing the helix current, the polarity of 
the two magnets was reversed. On comparing the deflections with 
those of soft iron, it was found that they were perfectly antithetical. 
The excitement which caused the ends of the iron bar to be attracted, 
caused the ends of the bismuth bar to be repelled ; while the excite- 
ment which caused the ends of the iron bar to be repelled, caused 
those of the bismuth bar to be attracted. 

(1105) If it be true that the polarity of the bismuth bar is the 
reverse of magnetic polarity, its two ends must, w*hen the current 
circulates round it, be in different states ; but if this is the case, then, 
if we make the two poles acting upon the ends of the bar alike^ we 
ought to have attraction at one end and repulsion at the other ; the 
result of these opposing actions being that the bar must remain 
undeflectod. Tyndall made this experiment, and the result was in 
accordance with this conclusion. Two magnets with poles of the 
same name were brought to bear on a bismuth bar, the direction of 
the force emanating from the two poles being the same, the repulsion 
of one end and the attraction of the other tended to deflect the bar ; 
two other poles of the same name, but of opposite names to the 
former two, were then caused to act upon the bar, e., four magnets 
were employed — the two poles to the left being of the same name, 
and the two to the right of the opposite quality. The bar w^as 
promptly deflected, thus corroborating the view that diamagnetic 
bodies possess a polarity opposed to magnetic bodies. 

(1166) In the Bakerian Lecture for 1855, Dr Tyndall reinvesti- 
gates this interesting subject at great length, and adduces powerful 
experimental evidence in proof of the duality of diamagnetic 
excitement and of diamagnetic polarity. In experimenting with 
bismuth, the question of structure must be particularly attended to, 
for the “ setlnng” of a bar of that metal between the magnetic poles 
will depend on the relation of the form of the mass to the planes of 
crystallization. A bar of bismuth whose planes ©f principal cleavage 
are throughout parallel to. its length, suspended in the m&gnetic field 
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^with the «aid plaf^ies vertical, will set its longest dimension at right 
angles to the line joining the poles — this is the normal department 
of diamagnetic bodies, and Tyndall, therefore, calls such a bar, a 
normal diamagnetic har. On the other hand, a bar of compressed 
bismuth dust, or a bar of bismuth whose principal planes of crystal- 
lization are transverse to its length, will set axial in the magnetic 
field ; such bars he calls abnormal diamagnetic bars. 

Again, a bar of iron sets with its longest dimension from pole to 
pole ; but a bar of compressed carbonate of iron dust, whose shortest 
dimension coincides with the line of pressure, sets its length equa- 
torial ; the former may, therefore, be called a normal paramagnetic bar, 
and the latter an abnormal paramagnetic bar. 

(1167) The apparatus employed in examining the separate and 
joint action of a magnet and a voltaic current on these different bars, 
is shown in Fig. 456. A helix was formed of covered copper wire. 
Fig- 456. i^th of an inch 

thick ; the space 
within the helix was 
rectangular, and w as 
1 inch long, 0*7 
inch high, and 1 ijich 
wide; the external 
diameter of the he- 
lix was 3 inches. 
Within the rectan- 
gular space, the body to be examined was suspended by a fibre which 
descended through a slit in the helix. The latter was placed 
between the two flat poles of an electro-magnet, and could thus be 
caused to act upon the bar within it, either alone or in combination 
with the magnet. When a normal, paramagnetic bar was suspended 
in this helix, and a current sent through the latter, the bar set its 
longest horizontal dimension parallel to the axis of the helix, and 
consequently perpendicular to the coils. An abnormal paramagnetic 
bar suspended in a similar manner set its longest dimension perpen- 
dicular to the axis of the helix, and consequently to the coils. 

A normal diamagnetic bar comported itself in the helix precisely as 
an abnormal paramagnetic bar; and an abnormal diamagnetic bar 
exactly as a normal paramagnetic bar. 

(1168) In examining the conjoint action of the magnet and the 
helix, eight experiments were made with each particular bar; in the 
first four the magnet excited first, and after the suspended bar had 
taken up its position of equilibrium, the deflection produced by the 
passage of a* current through the surrounded helix was observed ; in 
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the second four experiments the helix Ttas excited Jirst, aAd when th« 
bar within had taken up its position of equilibrium, the Magnetism 
was developed and the consequent deflection observed. We give 
the results of the eight experiments with the normal paramagnetic 
har. N S (Fig. 467) indicate the N. B!ad S. poles of the electro- 
magnet ; a b is the bar of iron ; the helix within which the bar was 
suspended is shown in outline around it ; the arrow shows the direc- 
tion of the current in the upper half oi the helix. 

Fig. 457. Fig. 458. 



1°. Magnet excited first . — On exciting the magnet, the paramagnetic 
bar set itself parallel to the line joining the poles, as shown by the 
unbroken line a b. On now’ sending a current through the helix in 
the direction of the arrowy the bar was deflected towards the position 
dotted in the figure ; interrupting the current in the helix and per- 
mitting the magnet to remain excited, the bar returned to its former 
position ; the current was now sent through the helix in the direc- 
tion of the arrow (Fig. 458), the consequent deflection was towards 
the dotted position. In Figs. 459 and 460, all other things remaining 
the same, the polarity of the magnet w^as reversed; the deflections of 
the bar on exciting the helix are shown by the dotted lines. 


Fig. 461. Fig. 462. 



2°. JEEdix^excited first . — On passing the current through the helix 
the bar immediately ^set its length parallel to the axis of the helix. 
On now' exciting the magnet so that its polarity as that indicated by 
Fig. 461, the deflection was towards the dotted position. Inter- 
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‘rupting th6 current through both magnet and helix, and reversing 
the current through the latter, the bar came to rest as before, 
parallel to the axis. On exciting the magnet as in the last case, the 
deflection was that shown in Fig. 462. Preserving the same current 
in the helix, and reversing^the polarity of the magnet the deflection 
was that shown in Fig. 463. Preserving the magnet poles as in the 
last experiment, and reversing the current in the helix the deflection 
was that shown in Fig. 464. 

(1169) These experiments w^ere repeated under precisely the same 
conditions wuth a normal diamagnetic bar; the deflections were in 
each of the eight cases the reverse of those indicated in the figures ; 
they were next repeated with an abnormal 'paramagnetic bar, made of 
compressed carbonate of iron dust ; the deflections w^ere in each case 
the same wdth those with the normal diamagnetic bar ; and lastly, an 
abnormal diamagnetic har, consisting of a prism of bismuth, whose 
principal planes of crystallization were perpendicular to its length, 
was tested by a mode of experiment the same as that applied in the 
other cases, and the deflections w'erc found to agree with those of 
the normal paramagnetic har. 

(1170) For examining the qnestion of the “ polarity ” of dia- 
magnetic bodies, the plan adopted by Tyndall was to cause fixed 
magnets to act upon a moveable bar of bismuth encircled by an 
electric current, and to note from the deflections of the har the 
character of the force acting upon it. The bar wns suspended wdth 
great delicacy in the axis of a helix of covered copper wire ; opposite 
to either end of the bar was placed an electro-magnetic spiral, 
enclosing a core of soft iron. The spirals were so connected 
Fig. 465. together that the same 

current excited both, 
so that the same mag- 
netic strength w as de- 
veloped in both poles, 
and by means of a 
reverser the polarity of 
the cores could be 
changed at pleasure; a 
current reverser was 
also attached to the 
helix enclosing the 
bismuth bar, so that 
the current from the 
battery could be 
caused to flow through 




DIAMAGNETIC POLABITT — TYNDALL. 


837 


it in either direction. The arrangement will ^e at 6nce undent 
stood by an inspection of Fig. 465. A B, the helix enclosing 
the bismuth bar ; N S, the ends of the cores of the electro- 
magnets; R', the current reverser of the spirals; B», the cftrrent 
reverser of the helix. On sending the current through the helix in 
the direction indicated by the arrow, the magnets being so excited 
that the pole was N". and the pole S., S. ; the bar moved from its 
position, and came to rest in the dotted position, being manifestly 
attracted by the magnets. On reversing the poles of the magnets, 
the bismuth bar instantly loosed from the position it previously 
occupied, and receded from the poles ; it was now repelled. On now 
changing the direction of the current through the helix, attraction 
was again manifested. “ In all cases, when the bar was freely 
moving in any direction under the operation of forces acting upon it, 
the reversion, either of tlie current in the helix or the polarity of the 
cores, arrested the motion; approach was converted into recession, 
and recession into approach.” 

(1171) Tyndall has more recently (Phil. Trans., 1856) again 
investigated this interesting subject with an apparatus based on 
different principles, and constructed (from a plan furnished by 
M. Weber,) by IVf. Leyser, of Leipsic. The diamagnetic bar, suitably 
excited, is permitted to act upon an astatic system of steel magnets ; 
and from the deflections of the system the polarity of the bar is 
inferred. The instrument consists essentially of 2 spirals of covered 
copper wire, about 18 inches long, firmly attached to a massive slab 
of mahogany. The slab is attached by brass bolts to the solid 
masonry of the Royal Institution, so as to have tlie spirals in a 
vertical position. Above the spirals is a wooden wheel, with a 
grooved periphery, and below them a similar one. The wheels are 
united by an endless string, which communicates motion from one of 
them to the other. To this string the cylinders submitted to 
examination, are attached ; and by turning the lower wheel with a 
suitable key, the cylinders can be caused to move up and down 
within the spirals. Two steel bar magnets are arranged astatically, 
connected by a rigid brass junction, and so suspended that the 
magnets are in a horizontal plane. The two magnets have the two 
spirals between them, their poles being opposite the centres of 
the spirals. When, therefore, a current is sent through tiie spirals, 
it exerts no more action upon the magnets than the central or neu- 
tral point of a magnet would do. If the bars within the spiral be 
perfectly central, they also will present these neutral points to the 
suspended magnets, and hence exert no action •upon them. But if 
the key be so turned that the two ends of the diamagnefic bars •shall 
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<fict Upon the magnets, tlien, if these bars bo polar, the intensity and 
character of their polarity will be indicated by the deflections of 
the magnets. Hence, we have not only the action of the earth 
neutbalized, but a turning force is brought to bear upon the sus- 
pended system four times that which would come into play if only a 
single spiral and a single pole were made use of. The instrument is 
enclosed on all sides from external air currents ; the magnets have a 
mirror attached to them w^hich moves as they move, and which is 
observed by means of a telescope and scale placed at a distance of 
about 10 feet from the instrument. 

(1172) The ^apparatus, and the working of its various parts, will 
be understood by reference to Fig. 466 ; B O B' O' is the outline of 
the rectangular case, the front of whieli is removed so as to show 
the apparatus within. D D' are the screw holes by wdiich the box is 
Fig. 466. secured firmly to the wall ; II E H' E' 

are the copper wire helices wound round 
2 brass reels, the upper ends of which 
protrude from H to O and from H' to O' ; 
W W' are the grooved w heels, to the 
string of which are attached the cylinders, 
m, n, Oy p, of the body to be examined ; 
O O' is a cross-bar of brass, through 
the centre of which the screw, E, passes, 
from which the astatic arrangement of 
magnets, S JNT, is suspended by silk fibres ; 
the black circle in front of the magnet 
S N is a mirror, and the rectangle, d a 
dH a, is the outline of a coj)per damper, 
which, owing to the currents induced in 
it by the motion of the magnets, soon 
brings the latter to rest, and thus expedites 
experiment. 

(1173) When cylinders of bismuth, 
copper, antimony, heavy glass, marble, and 
many other substances were submitted 
to experiment with this apparatus, very 
marked deflections w^ere produced. We 
quote one particular experiment performed 
by Dr. Tyndall in the presence of Pro- 
fessors Faraday, De la Eive, 'iind Marcet. 
The bismuth cylinders were 3 inches long 
and 0*7 of an inch in diameter, and were 
chemically pure. A current from a single 
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cell of Grove’ fl battery being caused to circulate in tbeWices, tbe* 
cylinders remaining in their centres as in the figure, the cross wire of 
the telescope cut the number 650 on the scale. Turning the wheel 
W' so as to raise the cylinder m n and depress the cylinder o the 
magnet promptly moved, and after some Oscillations took up amew 
position of equilibrium — the cross wire of the telescope then cutting 
670 on the scale. Reversing the motion so as to place the cylinders 
again central, the former position 650 was assumed ; on turning 
further in the same direction so as to depress and raise o p, the 
position of equilibrium of the magnet was at the number 630. 
Hence, by bringing the two ends n and o to bear upon the astatic 
magnet, the motion w'as from smaller to greater numbers, the 
position of rest being then 20 divisions greater than when the bars 
were central. By bringing the ends m and p to bear upon the mag- 
net, the motion was from greater to smaller numbers, the position of 
rest being 20 divisions less than when the bars were central. 

When the current was caused to fiow through the helices in the 
contrary direction, an opposite result was obtained. The following 
was the experiment : The bismuth cylinders being in the centres of 
the helices, the cross wire of the telescope cut the number 482 on 
the scale. Turning the wheel so as to raise m n and depress o p, the 
cross wire cut 468 ; reversing the motion so as to place the cylinder 
again central, the former position of 482 was assumed, and on 
turning further in the same direction so as to depress m n and raise 
0 p, the number became 493. In this case, therefore, the first motion 
was from greater to smaller numbers, and the last from smaller to 
greater. 

(1174) In answer to the objection that has been urged against these 
experiments, that the deflections are due to induced currents aroused 
in the bismuth by its mechanical motion up and down within the 
spiral, Tyndall satisfactorily replies — 1st, that the deflection produced 
is permanent^ which could not be the case if the efiect were due to 
induced currents, which vanish instantaneously. 2ndly, if the 
cfiect were due to induction, it w’^ould be shown in the most exalted 
degree by the best conductors. Now, antimony is less diamagnetic 
than bismuth, but it is a better conductor. The deflection produced 
by it, however, shows that it is its diamagnetic quality, and not its 
conductive quality wdiich is efiective; the amount of deflection being 
less than that of bismuth. Copper is fifty times a better conductor 
than bismuthr, but its diamagnetic capacity is nearly nil; it produces 
no sensible action upon the magnets, which could not possibly be the 
case were the result due to inductiou. * 

Both paramagnetic and diamagnetic liquids have been included by 
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•Tyndall in* this examination, and the polarity of both has been 
established. 

(1175) TyndalV 8 Folymagnet . — For the exhibition of the various 
phenomena of Diamagnetism and Electrorfnagnetism, the apparatus 
shovwi in Fig. 467, was devised by Dr. Tyndall. It consists of an 


Fig. 467. 



Tyndall’s polymagnet. 


841 


arrangement of two horseshoe magnets, a helix of covered copper 
wire disposed between tljpm, and a suitable means of suspension. 
The diameter of the soft iron cores is 1T25 inch, and their distance 
apart from centre to centre 4*85 inches. The diameter of* the 
covered copper wire surrounding the cores is OT inch, and the 
weight of it which surrounds each limb of the magnet is 12 pounds. 
The helix placed between the two electro-magnets has an internal 
diameter of 1 inch, an external diameter of 8 inches, and measures 
along its axis 1*15 inch. The diameter of its wire is 0*065 of an 
inch, and its weight is 6 pounds. It is wound so as to form a double 
coil, and is held compactly together by radial strips of brass. A. 
simple current reverser is fixed on the base-board of the instrument, 
which, to preserve a still atmosphere, is surrounded by a glass case. 
In the figure a bismuth bar is represented as suspended within the 
helix by several fibres of unspun silk attached to the central rod 
which passes through the top of the glass case. The bar is 6 inches 
long and *4 of an inch in diameter. AV^hen suspended so as to swing 
freely within the lielix, its ends lie between the movable masses of 
iron w'hich rest upon the electro-magnetic cores. Four poles are 
thus brought simultaneously to bear upon ihe bar of bismuth, and its 
action is thereby rendered both prompt and energetic. The tw’o 
poles to the right of the bar must both be of the same name, and the 
two to the left of the bar of the opposite quality. If those to the 
right be both N., those to the left must be both S., and vice 
versa. On sending a current from 10 or. 15 cells round the helix, 
and exciting the magnets by a battery of 4 or 5 cells, the current 
reversers place the deflections of the bar entirely under the control 
of the experimenter. By changing the direction of the current in 
the helix by means of its reverser, a change of deflection is produced. 
The same is effected if the polarit}’* of the magnets be changed by the 
reverser w'hich belongs to them. 

All the experiments that are usually made with an upright electro- 
magnet may be made with this instrument, the various parts of which 
may with great facility be lifted separately out of the case ; and 
numerous experiments will suggest themselves to those acquainted 
with what has been done of late years in Diamagnetism.* 

(117G) Diamagnetic Conditions of Flames and Gases . — At the 
meeting of the Physical section of the Ninth Italian Scientific Congress 
in Venice, 21st of September, 1847, a memoir on the Universality of 
Magnetism was read by Padre Bancalari, Professor of Physics in the 

* The instrument above described was constructed by ^r. Becker, of Newman 
Street, and the same ingenious mechanician has recently completed a very perfect 
and elegant apparatus of a similar nature for Mr. J. Strange. 
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Iloyal University of G^enoa ; and on the 27th of the same month it 
was announced by the reporter that it ]|ad been proved in the 
presence of several philosophers, “ that on the interposition of a flame 
between the poles of an electro-magnetf* it was repulsed at the 
instant the electric current? was closed, to return to the first position 
the instant it was broken.** This experiment was repeated shortly 
afterwards by Professor Zantedeschi, not at first with satisfactory 
results, but he afterwards fully confirmed Bancalari*8 experiments, 
“having,** as he says, “constantl}' observed repulsion in the act of 
closing the circle, which lasted the whole time that the Magnetism 
was kept up, and when in the act of opening the circle, he saw the 
flame return to its primitive position.*’ 

(1177) A further study of the phenomena gave Zantedeschi the 
following results : He found that the phenomenon occurs with con- 
tacts of both solid and hollow soft iron, showing that the movement 
of the flame was not attributable to currents of air. 

2nd. That the repulsion when it is quite distinct, and the flame 
quite pure and terminated in a w'ell-shapcd top, is accompanied by a 
depression. 

3rd. That, cdPteris pariht&^ the greatest efieet takes place when the 
flame is touching the convex of the magnetic curves indicated by 
iron filings. 

4th. That the action is null, or almost null, when the flame is 
placed in the centre of the interval which separates the two contacts. 

5th. That in the manifestation of the effects it is not necessary 
for the contacts to be entirely separated. 

6th. That there is a certain mass of the keeper pieces which is 
the most efficacious ; beyond a limit, which can be showm by experi- 
ment, increase of the mass causes a diminution in the effect. 

7th. That the movements of the flame increase with the number 
of the battery plates. 

(1178) Faraday repeated Bancalari’s experiment with the large 
electro-magnet belonging to the lioyal Institution. The two 
terminal pieces of iron forming the vertical magnetic poles, were 
each 1-7 inch square and 6 inches long, but the ends were shaped to 
a form approaching that of a cone, of which the sides have an angle 
of about 100°, and the axis of which is horizontal, and in the upper 
surface of the pieces of iron. The apex of each end was rounded — 
nearly a tenth of an inch of the cone being in this way removed. 
When these terminations are brought near to each othe^, they give a 
powerful effect in the magnetic field, and the axial line of magnetic 
force is of course hbrizontal, and on a level nearly with the upper 
surface of t^e bars. 

(1179) His results were as follows 
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When the flame of a wax taper was held near the axial line but 
on one side or the other; about one-third of the flame rising above 
the level of the upper surface of the poles, as soon as the magnetic 
Fig. 468. Fig. 469. 




Fig. 470. 



force was on, the flame was affected, arid receded from the axial line, 
moving equatorially, until it took an inclined position, as if a gentle 
wind was causing its deflection from the upright position — an effect 
which ceased the instant the Magnetism was removed. The effect 
was not instantaneous, but rose gradually to a maximum. It ceased 
very quickly when the Magnetism was removed. The progressive 
increase is due to the gradual production of currents in the air about 
the magnetic field, which tend to be, and are formed on the assump- 
tion of the magnetic conditions in the presence of the flame. 

When the flame was placed so as to rise truly across the magnetic 
axis, the effect of the Magnetism w^as to comprens the flame between 
the points of the poles, making it recede in the direction of the 
axial line from the poles towards the middle transverse plane, and 
also to shorten the top of the flame (Fig. 4G8). 

On raising tiiie flarne'a little more, the effect of the magnetic force 
was to increase the intensity of the results just described, and the 
flame actually became of a Jish-tail shape disposed across the mag- 
netic axis (Fig. 469.) * • 

(1180) If the flame was raised until about two-thirds of it were 
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alove the level of the axial line, and the poles approached so near to 
each other (about 0*3 of an inch) that they began to cool and 
compress the part of the flame at the axial line, yet without inter- 
fering with its rising freely between them, then on rendering the 
magnet active the flame ‘ became more and more compressed and 
shortened, and as the effects proceeded to a maximum the top at last 
descended and the flame no more rose between the magnetic poles, 
but spread out right and left on each side of the axial line producing 
a douhle flame with two long tongues (Fig. 470) i 

When the magnet was thrown out of action, the flame resumed its 
ordinary upright form between the poles at once, being depressed 
and redivided again by the renewal of the magnetic action. 

When a small flame only about |rd of an inch high was j)laced 
between the poles, the magnetic force instantly flattened it into an 
equatorial disc. 

(1181) llemarkable results are obtained with the dense stream of 
smoke rising from a blown-out green wax taper. 

When the ignited wick is held about an inch below the axial 
line, the smoko rises vertically in one column until about %rds 
of that distance is passed over, and then it divides, going right and 
left, leaving the space between the poles clear. As the taper is 
slowly raised, the division of the smoke descends, taking place lower 
down until it occurs upon the wick at the distance of 0’4 or 0*5 of 
an inch below the axial line. If the taper be raised still more, the 
magnetic effect is so great as not only to divide the stream but 
to make it descend on each side of the ignited wick, producing a 
form resembling that of the letter W ; and at the same time the 
top of the burning wick is greatly brightened by the stream of air 
that is impelled downwards upon it. In these experiments the 
magnetic poles W’ere only *25 of an inch apart. Faraday has even 
succeeded in affecting the smoke from a small spark by a good ordinary 
magnet. 

(1182) In searching into the cause of these phenomena Faraday 
began by examining the effect of heat alone in conducing to the dia- 
magnetic condition of flame. For the burning taper he substituted 
a helix of fine platina wire, which could be placed in any position 
and ignited by a voltaic battery. When the helix was placed 
directly under the axial line, the hot air rose up between the poles 
freely, being rendered evident above by a thermometer, or by 
burning the finger, or even by scorching paper ; but as soon as the 
magnet was rendeiyed active, the hot air divided into a douhle stream 
and was found ascending on the two sides of the axial line ; but a 
descending current w^as formed between the poles, flowing downwards 
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towards the helix and the hot air, which rose and passed off sideways 
from it. 

(1183) This experiment showed that hot air is more diamagi^etic 
than cold air, and by the following beautiful experiment Faraday 
proved that air artificially cooled is with refation to air at the natural 
temperature actually magnetic. A stream of air was conducted 
through a tube surrounded by a freezing mixturf, and then directed 
downwards a little on one side of the axial line into a tube contain- 
ing a delicate air thermometer, which of course immediately fell ; on 
rendering the magnet active, the thermometer rose, but on bringing 
the tube under the axial line it again fell, showing that the cold 
current of air had been drawn inwards or attracted towards the axial 
line; i.e., had been rendered magnetic in relation to air at the 
• ordinary temperature. 

. (1184) This extraordinary effect of heat in increasing the dia- 
.magnetic condition of bodies seems to be confined to gases and 
vapours, Faraday could not detect any distinct increase of the 
force by heating cylinders of copper and silver to redness. 

(1185) Common air being thus shown to have a decided magnetic 
relation, Faraday proceeded to examine other gases and vapours for 
which he employed the following ingenious apparatus : — 

A Woulfs bottle was provided, having three apertures' a, h, c; 
into a, a wide tube was fixed descending within the bottle to the 
bottom, being open above and below ; by this water could be poured 
into the bottle, and employed to displace the gas previously within it. 
Aperture h was closed with a stopper ; aperture c had an external 
tube with a stop-cock fixed in it to conduct the gas to any place 
desired. To expel the gas and send it forward, a cistern of water 
was placed above the bottle, and its cock so plugged by a splinter of 
wood, that when fully open, it delivered only 12 cubic inches of fluid 
in a minute. This stream of water being directed into aperture d, 
and the cock of tube c open, 12 cubic inches of any gas within the 
Woulf s bottle were delivered in a minute of time, and this proportion 
was found not sufficiently great to deluge the magnetic field. 

In order to deliver the gas at the magnetic poles, a piece of tube 
bent at one end nearly to a right angle was held by a clamp in a 
moveable position, so that its vertical part could be placed anywhere 
below the axial line ; the aperture of this tube was about ^th of an 
inch in diameter. In the horizontal part, near the angle, was placed 
a piece of bibulous paper, moistened when necessary with strong 
solption of muriatic acid. If the gas to be employed as a stream 
was heavier than the surrounding medium, then the glass tube was 
BO bent as to deliver its stream downwards, and over the axial line. 

3 I 2 
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(1186) * The next point was to detect and trace the course of 
these streams. This was effected by arranging upon little stands a 
set of tubes of thin glass, open at both ends, and about the size and 
length of a finger. These tubes could be readily adjusted at 
pleasure, either over or uvider the magnetic poles. When they were 
over the poles, three tubes were generally used, one over the axial 
line, and one at each side. When they were under the poles the 
low end was turned up a little for the purpose of facilitating 
observation. 

Now, the gas issuing from the delivering tube had diffused 
through it a little invisible muriatic acid vapour, and to make it 
evident into which of the “catch” tubes it passed, a piece of bibulous 
paper moistened with ammonia was suspended in each, and it was 
evident at once by the visible fume formed at the top of one of the 
tubes, whether the gas delivered below passed up the one or the 
other tube, and which; and yet the gas was perfectly clear and 
transparent as it passed to the place of magnetic action. To pre- 
serve the air in a tranquil state, a little sheltering apparatus of 
mica was built up round the poles. 

(1187) To try the working of the apparatus, air was sent in ; the 
stream being directed by the axial line, the fume appeared in the 
catch tube above, whether the magnet was active or not, just as 
it should have done. 

Nitrogen — When sent from below upwards, it passed by the axial 
line into the eatch tube above ; but when the magnet was made 
active a fume appeared in the side tubes as, well. The jet was now 
arranged a little on one side of the axial line, so that without the 
magnetic action it still went into the middle tube ; on making tlie 
magnet active a great portion of it was sent to the side catch tube, 
thus showing that in relation to atmospheric air nitrogen is at the 
same temperature diamagnetic. 

Oxygen — When sent from above downwards through air between 
the poles, it descended vertically, whether the magnet was excited or 
not ; when it was made to descend on one side of the axial line it 
was deflected and drawn towards the axial line, tlms showing either 
that in common air oxygen is magnetic^ or that it is less diamagnetic 
than a mixture of oxygen and nitrogen. 

Hydrogen — In spite of its lightness it -was deflected, and sent 
equatorially, proving it to be strongly diamagnetic. 

Carbonic Acid — In air it was diamagnetic; its course* was traced by 
a glass containing lime water placed beneath the lower end of the 
catch tube. The stream was sent downwards, a little on one sid^ of 
th^ axial line, the tube and lime water being placed further out, so 
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that the gas should fall clear of it when the magnetic powftr was not 
on. On rendering the magnet active, the lime water became turbid. 
This made a beautiful experiment. 

Carbonic oxide — More diamagnetic than carbonic acid. 

Nitrous oxide — Moderately diamagnetic.* 

Nitric oxide — Very slightly diamagnetic. 

Olefiant gas, coal gas, sulphurous acid gas, mv/riatic acid gas, 
hydriodic acid gas,fluosilicon, ammonia, chlorine, iodine, bromine, and 
cyanogen, were all more or less diamagnetic in air. 

Of all the vapours and gases tried, oxygen seems to be that which 
has the least diamagnetic force, and this is the cause of the compara- 
tively low diamagnetic condition of atmospheric air. 

(1188) Faraday then surrounded the poles of the magnet with a 
mica chamber, which could be filled with carbonic acid gas; the former 
fi^rrangemcnts in respect to the magnetic field, the delivery tube, 
catch tubes, &c., being preserved, he found air and oxygen passed 
to the magnetic axis, being, therefore, less diamagnetic than carbonic 
acid gas. On the other hand : — 

Nitrogen, hydrogen, coal gas, olefiant gas, muriatic acid gas, 
ammonia, and nitrous oxide passed equatdVially, and were all, in a 
greater or less degree, diamagnetic in relation to carbonic acid. 

(1189) By covering the poles of the magnet with a French glass 
shade, similar experiments were made with hydrogen and coal gas 
with the following results : — 

In coal gas — Air passed feebly to the axial line ; oxygen had the 
appearance of being strongly magnetic, presenting a striking pheno- 
menon, and nitrogen was clearly diamagnetic. 

In Hydrogen — Air passed feebly to the axial line, nitrogen was 
strikiugl}" diamagnetic, and oxygen as strikingly magnetic. Nitrous 
oxide, ammonia, carbonic acid, carbonic oxide, and olefiant gas were 
diamagnetic. 

The most striking circumstances in these experiments are the 
strongly marked diamagnetic character of nitrogen, and the feeble 
diamagnetic condition of oxygen, standing as it does, in this respect, 
far apart from all other gaseous substances. 

(1190) Faraday then examined the influence of heat : — 

Hot oxygen was powerfully diamagnetic in an atmosphere of cold 
oxygen. 

Hot carbonic acid diamagnetic to cold carbonic acid. The 
relation of hot* and cold hydrogen could not be ascertained, as Faraday 
could not succeed in heating the platinum helix which he employed 
in these experiments by the voltaic battery in an atmosphere of 
hydrogen, in consequence, as he supposes, of the rapidity with which 
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that gas Is heated and cooled in comparison with other gases. In 
short, however, all the experiments went to prove that all gases are 
more diamagnetic when hot than when cold, 

fL191) Kon-Expansion of Gaseous Bodies hy Magnetic Force , — 
Taking common air as a standard, it appears from the preceding 
experiments that nitrogen and many other gases are strongly diamag- 
netic in relation to it, whilst oxygen has the appearance of a magnetic 
body. It appears also that the diamagnetic character of flame is due 
chiefly to the heated state of the gaseous portions. 

It occurred to Faraday that if the particles of a diamagnetic gas 
tended to go from strong to weak places of action, in consequence of 
the direct and immediate effect of the magnetic power on them, 
such a gas should tend to become enlarged or expanded in the mag- 
netic field. On the other hand, if a gas were magnetic, then the 
force cast upon the particles by the direct and immediate action of 
the magnetic power upon them, would urge them towards the axis of 
the magnetic field, and so coinciding with, and being superadded to 
the pressure of the atmosphere, would tend to cause contraction or 
diminution of hulk, . 

(1192) A change in thb bulk of air in the magnetic field had been 
observed by Pliicker ; Faraday was, therefore, induced to submit the 
matter to a minute examination; the result of which was that in 
none of the gases tried, whether considered as magnetic or diamag- 
netic bodies, could any alteration in volume be efleeted by the mag- 
netic force, whether in fields of equal power, or in places where the 
power is rapidly diminishing; and this result he considers very 
important in relation to the true nature of magnetic force, either as 
existing in, or acting upon the particles of bodies. Faraday made 
similar experiments with liquids, but with very delicate apparatus 
and powerful electro-magnets, he was unable to observe any change 
of volume, neither could the least change be observed in the volume 
of iron or bismuth, however pow^erful the magnetic force to which 
they were submitted, and he could obtain no evidence that the mag- 
net exerts any direct powrer of attraction or repulsion on the particles 
of gases, or that they move in the magnetic field as they are knowm 
to do by any such immediate attraction or repulsion. 

(1193) Differential Magnetic Action of Oases. — The cause of the 
diamagnetic change of idace is believed by Faraday to be a differen- 
tial result depending on the differences of the tw^o portions or masses 
of matter occupying the magnetic field ; and in the case of gases, the 
phenomena may be produced and examined in a very useful manner 
by the employment of soap bubbles. In Faraday’s experiments, 
these bubbles were about J an inch in diameter, and by employing 
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recently-prepared cold soap water ^ and a bent glass tubft connected^ 
with a bladder and stop-cock, he was able with a little care to blow 
them of a nearly uniform size and thickness. The gases were exa- 
mined by placing the bubbles in the angle of a double pole of •iron 
arranged between* the poles of the large electro-magnet. When the 
bubble was of air^ and a power of 20 pairs 
of plates employed, it was deflected slightly 
outwards from the axial line, the deflection 
being due to the water of the bubble. 

This deflection served as a correction in 
experiments with other gases. 

Nitrogen was driven equatorially with great force, forming a strik- 
ing experiment when it is considered that this gas constitutes iths of 
tlie atmosphere. 

Oxygen was pulled inwards towards the axial line with much force, 
exactly as if it were highly magnetic. ^ 

Nitrous oxide and olejlant gas were both driven equatorially. 

The other experiments with gases were quite in accordance with 
those already described, and all tended to prove that the efiect is a 
differential result of the masses of matter present in the magnetic 
field. 

(1194) Magnetic Characters of Oxygen^ Nitrogen^ and Space, — In 
order to examine the differential action of two gases, tubes the size 
and shape of fig. 472, of thin flint glass, were filled with the gases 
and having been sealed up hermetically, they were fastened by means 

< 

of sealing wax to loops of thread, by which they were suspended 
perpendicularly from a torsion balance, so that the middle of each 
should, when in place, be on a level with the magnetic axis. Now, 
w'hen so suspended, if tlic gases are both alike in magnetic or 
diamagnetic pow'er, their position will not be altered cn the superven- 
tion of the magnetic force ; but if one gas is more diamagnetic than 
another, the most diamagnetic will mo^e outwards equatorially, pulling 
the least diamagnetic inwards, till the two are in such new positions 
that the forces acting on them are equipoised, and they will assume 
a position stable ^equilibrium. Their relative diamagnetic inten- 
sities can then be measured by the force required to restore them to 
their equidistant position from the magnetic axis. 

(1195) The tubes being filled respectively with oxygefi and i^tro- 


Fig. 472. 



Fig. 471. 
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gen, a mosj: striking effect was observed the moment the magnetic 
force was thrown into action. The oxygen tube was carried inwards 
towards the axis, and the nitrogen tube driven outwards on the con- 
trary side. When the tubes had taken up their new position, the 
oxygen tube was about ^th of an inch from the iron of the core, and 
the nitrogen tube -Iths distant, and ten revolutions of the torsion 
axis altered only in a slight degree these relative distances. 

(1196) The effect of rarefaction was then tried ; bulbs the size and 
shape of Fig. 473, were filled with oxygen, and then reduced under 

Fig. m. 



the air pump, so that one tube contained gas at the pressure of one 
atmosphere; a second, gas at half an atmosphere, or 15 inches of 
mercury ; a third, gas at the pressure of 10 inches of mercury ; and 
a fourth, after being filled with oxygen, was reduced to as good a 
vacuum as an excellent air-^ump could effect. 

On trying these tubes one against the other, the expanded por- 
tion was always driven away, the denser gas going inwards ; and 
when the tube containing gas at one atmosphere pressure was 
opposed to the vacuum, the former .passed axially with such power 
til at it was evidently only the diamagnetic power of the glass tube 
that prevented it from passing against the iron core, and occupying 
the centre of the magnetic field. 

Oxygen^ then, is a very magnetic substance, its magnetic force 
being in proportion to its density. 

With nitrogen the differences produced by rarefaction could not 
be detected, there being no perceptible difference between the tube 
of gas at one atmosphere pressure, and that reduced as nearly as 
possible to a vacuum ; both tubes remained equidistant from the 
magnetic axis. 

Nitrogen^ then, is neither magnetic nor diamagnetic : it is equivalent 
to a vacuum. Magnetically considered, it is Uhe space itself, which 
may be considered zero. • 

(1197.) The lines of magnetic force can traverse pure space just as 
gravitating force does, and as static electric forces do ; space, therefore, 
has a magnetic relation of its own, which wdll pfobablj^ hereafter, be 
found to be of the utmost importance in natural phenomena. The 
true zero is represented by such bodies as when added to space pro- 
duce no magQctic or diamagnetic effect. The term magnetic, Faraday 
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proposes, should be a general one, and include all the plienomenat 
and effects produced by the power, and he proposes that bodies m^ig- 
netic in the sense of iron should be called paramagnetic bodies (as 
placing themselves parallel to the lines of magnetic force), s(? that 

the division would stand thus — • 

( Paramagnetic. 

Magnetic . . . -j Diamagnetic. 

(1198) Amongst all the gases hitherto examined, there is nothing 
that compares with oxygen ; its magnetic power is so great that it 
makes atmospheric air a magnetic medium of no small power, 
which must be taken into consideration wdien experimenting on the 
diamagnetic condition of other gases. The discovery of the high 
magnetic condition of oxygen and its variations with variations of 
temj)erature and density, suggests an explanation of the cause of the 
variations of the magnetic force which are now so carefully watched 
*on different parts of the surface of the globe, of the daily and annual 
variation of the needle, and of the relation between the aurora borealis 
and the Magnetism of the earth. 

(1199) Magnetic Conducting JBower — Atmospheric Magnetism — 
Magnetic Conduction. — The remarkable •results respecting oxygen 
and nitrogen just described, led Faraday to the idea that if bodies 
possess different degrees of conducting power for Magnetism, that 
difference may account for all the phenomena, and its further consi- 
deration may assist in developing the nature of magnetic force. By 
tlie term conducting power^ he means to convey a general expression 
of the capability which bodies may possess of effecting the trans- 
mission of magnetic force, and not to imply anything ais to how the 
process of conduction is carried on ; so that if a medium of a certain 
degree of conducting power occupy the magnetic field, that body will 
be displaced if another substance possessed of better conducting 
power be introduced into the field — the result being a differential 
effect of their difference in conducting power. 

(1200) In pure 
space the lines of 
magnetic force are 
straight and parallel ; 

paramagnetic\)o^Y 
be introduced, the 
lines are no longer 
straight, butthere wilf 
be a concentration of 
them on the conduct- 
ing body, so that the space occupied by the conducting ‘body trans- 


Fig. 474. 
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,Tnit8 more magnefric force than before (Fig. 471 a). If a diamagnetic 
body be introduced, there will be a divergence of the lines, and 
the space occupied by the diamagnetic body will transmit less force 
than<before, (Fig. 471 b). 

The twa bodies affect, the direction of the lines of force, not 
only within the space occupied by themselves, but also in the neigh- 
bouring space ; secondly^ the amount of force in any particular part 
of the space within or near them, and the influence of this disturb- 
ance i^asily made manifest experimentally. A small sphere of iron, 
exactly equidistant from the iron poles, is in a position of unstable 
equilibrium, and at such time a great concentration of force takes 
plalbe through it, and at the iron faces opposite to it, and through the 
intervening axial spaces. If the iron be a spheroid, its greatest 
diameter points axially, and the circumstances are more favourable 
for the concentration of force in the axial line passing through the 
iron than before. The converse is the case wdth diamagnetic bodies, 
W'hich find their place of stable equilibrium in the spot where the posi- 
tion of paramagnetic bodies is unstable. Their relative and reverse 
positions in a field of equal magnetic force, may be retained in the 
mind by conceiving that ifi a liquid sphere of a paramagnetic con- 
ductor were in the place of action, and then the magnetic force deve- 
loped, it w^ould change in form and be prolonged axially, becoming an 
ohlong spheroid, whereas, if sucli a sphere of diamagnetic matter were 
placed there, it w ould be extended in an equatorial direction, and 
become an ohlate spheroid, 

(1201) The mutual action of two portions of paramagnetic matter 
in a field of equal magnetic force is that of repulsion, and it is pre- 
cisely the same with two portions of diamagnetic matter. Faraday 
found that when the lines of powder passing across the magnetic field 
were strengthened by placing in the field a saturated solution of 
protosulphate of iron, a small moveable cylinder of phosphorus sus- 
pended in the middle of the magnetic field was distinctly repelled by 
another piece held close to it. Also, when a piece of phosphorus w^as 
suspended in water in a field of equal magnetic force, it W'as repelled 
equatorially by another piece of phosphorus, but attracted by a tube 
filled with a saturated solution of protosulphate of iron. 

Thus, then, paramagnetic and diamagnetic bodies attract each other 
equatorially in a mean medium, but each repels bodies of its own 
kind. 

(1202) Conduction Folarity. — Paramagnetic polarity** consists in 
the 'convergence of the lines of magnetic force on to two opposed 
parts of the body, \thich are to each other in the direction of the 
magnetic axis. The difference of character of the new poles is at 
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these parts very great. Faraday thinks it not imf)robab4e that polar 
attraction or repulsion may exist in oxygen, and in all paramagnetic 
bodies consistent with the attraction and repulsion of magnets having 
correspondent poles. 

Diamagnetic Conduction Polarity is a different matter. It consists 
in a divergence of the lines of power on to, or a convergence 
the parts which being opposite are in the direction of the magnetic 
axis. This polarity is to be carefully distinguished from that which 
depends upon the reversion of the direction of the power ; the latter 
F araday considers as a property of the particles of magnetic matter, 
the former as dependent rather upon the action of the mass ; the 
latter is an absolute inversion of the direction of the power, the 
former only a divergence or deflection of it. 

(1203) Though Faraday speaks of iron as illustrating the action 
of paramagnetic conductors, he draws an important distinction 
between the polarity of a magnet and the polarity due to mere con- 
duction. A permanent magnet has a polarity in itself which is pos- 
sessed also by its particles, and this polarity is essentially dependent 
upon the power which the ihagnet inherently possesses. The polarity 
of a conductor is simply a consequence of the condensation or expan- 
sion of the lines of force, and is not due to a determinate arrange- 
ment of the cause and source of magnetic action. Speaking figura- 
tively, the difference may be compared to that of a voltaic battery, 
and the conducting wires or substances which connect its extremities. 
The stream of force passes through both, but it is the battery which 
originates it, and also determines its direction ; the wire is only a 
better or worse conductor, however, by variation of form or quality, 
it may diffuse, condense, or vary the stream of power. 

(1204) Applying the idea of conduction to mague-crystallic bodies, 
Faraday thinks that the special results may be understood by sup- 
posing that a magne-crystallic body conducts better in the direction of 
the magne-crystallic axis than in any other direction, and he con- 
cluded, that if a symmetrical crystal of bismuth were carefully exa- 
mined in different directions, it would be found to be less diamagnetic 
when its magne-crystallic axis is parallel to the axis of magnetic force 
than when it is perpendicular to it. By means of the differential 
torsion balance, he was able to make the trial, and found the results 
as he anticipated. AVitli calcareous spar he was not able, with his 
present balance, to^ establish any difference ; but concludes that it 
will prove most diamagnetic when its optic axis, being in a horizontal 
plane, is placed parallel to the magnetic axis. 

(1205) The place and position of iron in a field of equal force, is 
the result of the extraordinary power which it has of transmitting 
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tbe magnetic forced across the space which it occupies, and Faraday 
accepts the converse phenomena as to the place and position of* a dia- 
magnetic body as a proof tliat it has less power of transmitting the 
magnetic force thfin the space it occupies. 

(1206) Atmospheric Magnetism , — The earth may be assumed to 
be a mighty compound magnet, the lines of force issuing from the 
northern and southern parts with different corresponding degrees of 
inclination, and inclining to, and coalescing with each other over 
the equatorial parts. The atmosphere consists of 4 volumes of 
nitrogen and 1 volume of oxygen, or by weight of parts of the 
former and 1 part of the latter. These substances are nearly 
uniformly mixed throughout, so that as regards their manner of 
investing the earth, they act magnetically as a single medium ; nor 
does there seem to be any tendency in the terrestrial magnetic 
forces to cause their separation, though they differ very strikingly 
in their constitution as regards this power. 

As regards the magnetic force nitrogen is a very indifferent body, 
being neither diamagnetic nor paramagnetic, whether in a dense 
state or in a rare state, or whether hot or cold. As regards the 
magnetic force oxygen is highly paramagnetic, increasing in force as 
its temperature is lowered, and diminishing as its temperature is 
raised, and these properties it carries into the atmosphere, which 
becomes therefore a highly magnetic medium, varying however in 
intensity by alterations in its temperature and density. 

(1207) Faraday assumes as a type case the existence of two 
globes of air distinct from the surrounding atmosphere by a 
difference of temperature or a difference of density ; that one of 
these globes is colder or denser than the contiguous parts, and that 
it is in a portion of space which, without it, w ould present a field of 
Fig. 475. equal magnetic force. 



The air of such a 
globe will facilitate 
the transmission of 
the magnetic force 
through the space 
wdiich it occupies, de- 
termining more lines 
of force through it 
than elsewhere. The 
disposition of these 
lines, in respect to the 
line of the dip of the 


place will be something like what is represented in Fig. 475, and 
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consequently the globe will be polarized as a conductor ef tbe parrf* 
magnetic class. Hence the intensity of the magnetic force an(^its 
direction will vary noib only within but without the globe, and these* 
will vary in opposite directions, in different places, undet the 
influence of laws which are perfectly regi^lar and well known. 

(1208) Now a magnet used as an intensity test will indicate a 
less intensity at P, because the conducting power of the globe has 
been increased in consequence of its coldness and density. If on 
the other hand the globe were warmer or more rarefied than the 
surrounding space, it 'would convey less power as being a worse con- 
ductor, and the magnet would set with greater force, and give an 
indication of greater intensity both within, and equatorially without 
the globe. 

But if changes in the medium can eftect the magnet, a magnet 
ought to make a greater number of vibrations in an atmosphere of 
nitrogen than in one of oxygen, because these two gases differ 
naturally in their magnetic relations. 

(1209) If another typical globe of air be assumed having a higher 
temperature than the surrounding air, its condition will bo that of a 
diamagnetic conductor, and it will luive power Fig. 470. 

to affect both the intensity and direction of 
the lines of force in conformity with the 
action of the former globe, but in the con- 
trary order, although the conditions of the 
foregoing typical globes can never actually 
occur in nature, still the comparison holds in 
principle, and we may expect that as the sun 
leaves us on the west some effect correspon- 
dent to that of the approach of a body of cold air from the east will 
be produced, which will increase and then diminish, and be followed 
by another series of effects as the sun rises again and brings warm 
air with him. 

(1210) Again, there is more air by w^eight over a given portion of 
the surface of the earth at latitudes from 24^ to 34°, than there is 
either at higher latitudes or at the equator,, and that should cause a 
difleaence from the disposition of the lines of force which would 
exist if there were equality in that respect. The temperature also 
of the air is greater at the equatorial parts than in latitudes N. and 
S. of it ; and as an elevation of temperature diminishes the conduct- 
ing power fgr Magnetism, so the proportion of force passing through 
these parts ought to be less, and that passing through the colder 
parts greater, than if the temperature of the air were at the same 
mean degree over the whole surface of the globe. 
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(121]) Annual and DailyVariation . — The effect of the approach and 
reti;eat of the sun in his daily course is to produce such variations of 
‘changes in the temperature and expansion of the atmosphere, as to 
influefice the lines of force emanating from the earth both in their 
direction and intensity; the manner in which this influence may 
be developed, Faraday, by means of figures and descriptions, states, 
in relation to the annual and daily variation, and the irregular per- 
turbations of the magnetic force, which he thinks are consequences 
of it. He then applies the result of the . magnetic observations at 
Hobarton’’*' as a test of the probable truth of the hypothesis, and 
considers that it aflPbrds strong confirmation. The upper or N, end 
of the needle there goes W. till about 21 oVloek, whilst the dip 
increases ; the dip still increasing till noon, tlm upper end returns 
rapidly E. as the sun passes by until 2 o’clock the dip then de- 
creasing, after which the needle goes W. again following the sun. 
On examining the results at Toronto, corresponding effects were 
found to occur, when the upper or S. end of the needle was con- 
sidered, and therefore in accordance with the hypothesis. 

Faraday also discusses the observations made at Greenwich, 
Washington, Lake Athabusca, Fort Simpson, and St. Peters- 
burg, and considers them as adding further confirmation. By the 
aid of these observations he re-states his principles more minutely, 
endeavouring to indicate what difference changes in the inclination, 
declination, place of sun, land, sea, &c. w ill produce. 

(1212) Though the sun is the cause of those changes in the atmo- 
sphere which affect the lines of force on the earth, lie is not assumed 
as the centre of action as regards those lines ; that, is considered 
to exist somewhere in the atmosphere. It aj)pears to be in the upper 
regions and not on the surface of the earth, because it increases the 
dip of places H. and S. of the tropics, which have a certain amount of 
inclination, as at Hobarton and Toronto, both in summer and winter, 
but it diminishes the dip at places which are within the tropics, and 
with little inclination, as at St. Helena. By other kinds of observations 
it appears to be in advance of the sun. All the phenomena indicate 
that the sun does not act directly on the needles at different places, 
but mediately through its effect on the atmosphere. 

(1213) The probable cause of numerous irregular variations, such as 
throse that are shown in the photographic processes of record at 
Greenwich and Toronto, are then considered, and Faraday thinks 
that changes in the lines of magnetic force may be produced by the 

• *‘Magnetical and ifieteorological Observations. Hobarton, vol. i. 1850 .” 
Sabine, Toronto. 
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varying pressure of the atmosphere, by the occurrence of winds and 
large currents of air, of rain, and snow ; by tlie passage of those 
masses of warm and cold air which the meteorologist recognizes in 
the atmosphere, by the aurora borealis, &c. He thinks it very 
possible that masses of air at different temperatures may be moved 
by the magnetic force of tlie earth, according to the principles of 
differential action made manifest in the experiments on warm and 
cold oxygen, in which case, material as well as potential ‘‘ magnetic 
storms ” may exist, / 

(1214) Faraday, atlthe conclusion of this paper (26th Series), again 
alludes to the wond,e^l magnetic power of oxygen. It is in the air 
*what iron is in \X\Qfeartli^ and its striking contrast with the nitrogen 
which dilutes it in tlie atmosphere, impresses the mind, and by the 
difference, recalls that which also exists between them in relation to 
. static Electricity and the lightning flash, lie expresses his convic- 
tion, that there is much to do with oxygen relative to atmospheric 
Magnetism; and ho starts the question — What is the final purpose in 
nature of its magnetic condition in the atmosphere, liable as it is to 
annual and diurnal variations, and to entire loss by entering into 
combination ? That it has an iniportant purpose to serve is evident, 
for nothing in nature is superfluous. 
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ClIAPTEE XXII. 

MAGNETIC HYPOTHESES. 

Notions of the Ancients — Tlicori(^s of Descartes and us- -Amp^rc’s clcctro- 

dyiuiinic theory — Faraday’s researclies — Lines of magiiCtie force —The moving 
wire as an examiner of magnetic forces — Magnetic “jxdarity” — ]*hysical charac- 
ter of the lines of magnetie f(»rcc — Places of no magnetic action — P'araday s 
view of the condition of a magnet. 

(1215) The notions entertained % tlie ancients respecting tlie imme- 
diate source of tlie power of the magnet, were of* the wildest descrip- 
tion. Thus Tliales and Anaxagoras conceived that the magnet was 
possessed of an immaterial spirit, in ohedionec to which iron moved 
and was attracted; Cornelius Gemma said, that invisible rays pass 
betAvecn tlie iron and the magnet ; others, that ilierc exists a sympathy 
between them ; Epicurus supposed that the atoms of the iron were 
hooked on to those of the magnet ; PJatareh thought; that tlu're was an 
emanation proceeding from the luagnct. Cardan said, that iron is 
attracted because it is cold^ and Costeo do Lodi regarded iron as the 
natural food of the magnet. Then came Descartes, xvhose theory of* 
vortices was for a long time universally adopted. According to his 
theory, a rush of subtle matter passes rapidly through the earth 
from the etjuator towards each pole. This matter being porous, i^ 
not arrested in its passage by ordinary inalter, but magnetic sub- 
stances, in consecpiencc of a peculiarity in their molecular structures 
oppose a resistance and arc lienco affectecl. MorcoviT, the vortex 
moves with the greatest facility in one particular direction ; one of its 
ends being always turned towards the N. The pores of iron arc 
regarded as valves, which open readily in one direction, but oppose 
the entrance of any substance in the opposite direction. 

(1216) The tlieory of Descartes w^as adopted by Euler, wdio in his 
Letters (translated 1802) has thus set it forth : “ jVoii-magnctic 
bodies are freely pervaded by the magnetic matter in all directions ; 
loadstones are pervaded by it in one direction only ; one of the 
poles being adapted to its admission, the other to its escape. Eut 
iron and steel, when rendered magnetic, fulfil this last condition ; 
when* they are not, it may be affirmed tliat they do not grant a free 
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ELECTEICAI APPAEATUS. 

£ 8. d. £ B. d* 

Glass Tube or Cylinder for exciting Electrical actior. when 
rubbed with a piece of warm Flannel or silk, page 17 . 016 to 050 

Sealing Wax Cylinder for the production of Negative Elec- 
tricity .. . . , . , . 0 5 0 ... 0 10 0 

Pith Balls and Insulated Stand for showing the phenomena 
of Positive and Negative Electricity by the’ attraction and 
repulsion of two pith balls . . . Fig* 1 0 3 6.,.0I0 0 

Gilbert and Haiiy’s Electroscope, consisting of a light needle 
on bra«s stem) for showing the electric state of certain 
minerals ...... Fig. 2 0 5 0 ... 0 7 6 

Canton’s Electroscope as modified by Cavailo . Fig. 3 0 10 6 ... 0 15 0 

The Balanced Needle Electroscope . , . Fig. 4 0 12 0 ... 0 15 O' 

Faraday’s Electroscope, adapted for the lecture room Fig. 5 012 0.,. 1 1 0, 

Sir William Snow Harris’s Quadrant Electroscope . Fig. C 1 1 0 ... 1 11 6 

Bennett’s Gold Leaf Electro^scope . . . Fig. 7 012 0,.,1 I 0 

Singer’s improved Gold Leaf Electroscope, with double insu- 
lation ...... Fig. 8 0 12 0 ... 1 5 0 

Dr. Hare’s Single Leaf Electroscope . • Fig. 9 0 17 6 ... 1 10 0 

Mr. Gassiot's Modification of the Single Gold Leaf Electro- 
scope, by which its delicacy is increased so as to show an 
effect from a single pair of galvanic plates Fig. 172, page 308 2 2 0 ... 3 3 0 

Bohnenberger’s Electroscope, with dry electric column, form- 
ing an instrument of wonderful sensibility . Fig. 10 2 2 0 ... 5 5 0 

Coulomb’s Torsion Electrometer . * . , Fig, 11 2 12 6 ...10 10 0 

Sir William Snow Harris’s Balance Electrometer . Fig. 12 4 4 0 ... 8 8 0 

Sir William Snow Harris’s Hydrostatic Electrometer Fig. 13 8 8 «0 ...10 10 0 

Henley’s Quadrar/ Electrometer, with graduated arc Fig. 72 0 7 6 ... 0 1^ 0 

Brass Cylinder mounted on insulated stand for experiments 
on Electricity . . . . Figs. 14, 15, 18 0 lO 6 ... 0 15 0 

Lane’s Discharging Electrometer, shown in the figdre as 
attached to a Leyden jar . . • . . Fig. 73 0 ; 5 6 to 0 10 0 



' 2 ' 


E^ljlOTEIOiLL iJPPXEiLTirS. 


' { ^ *■ £ B. d. £ B. d. 

Brass: Lphere^ on insulated ^land, inches diameter Fig. 15 0 11 6 to 0 15 0 

Brass Cjilinder and 2 DiskS) all on insulated stands, for^ 

plaining the theory of Induction . . Fig. 17 1 10 0 ... 2 2 0 

Pair of Wo§d Hemispheres, on insulated stands, for experi- 
ments on Induction .... Fig. li) 0 lO 0 ... 1 1 0 

Volta’s Electrophorus, for obtaining the Electric Spark Fig. 20 0 10 0 ... 2 2 0 

Biot’s Apparatus to demonstrate the distribution of Electri- 
city, and proving that it resides on the surface only Fig. 27 2 2 0 ... 3 3 0 

Another Modification,. .... Fig. 28 1 1 0 ... 1 10 0 

Franklin’s Metallic ’Cup^ on insulated stand, for similar ^ 
purpose ...... Fig. 29 M 1 0...111 6 

Muslin Bag, on stand, for above • . . Fig. 30 \o 0 ... 1 1 0 

Another Modification ... . . Fig. 31 

A pair of Metallic Disks, 6 inches diameter, on insulated 
stands, to illustrate the principle of the Condenser Fig. 32 

Electric Condenser, consisting of two circular brass plates, one 
being insulated, the other attached to a jointed brass pillar. 

The insulated plate being connected with the cap of ~ah 
Electroscope, on the removal of the uninsulated one, very 
minute quantities of Electricity are rendered visible 

Volta Electric Condenser .... Fig. 33 

Gold-leaf Electroscope, mounted with Condenser Fig. 34 

Peclet’s Electric Condenser, a very delicate instrument Fig. 35 I 8 8 0 ...10 10 0 


: 12 0 ... 1 1 0 

1 10 0 ... 2 2 0 


1 1 0 ... 3 3 0 

1 5 0 ... 3 3 0 

1 11 6 ... 2 12 6 


Cavallo’s Multiplier .... Fig. 36 

Cylinder Electric Machines. These consist of a Glass 
Cylinder, mounted in a mahogany frame, with brass 
conductor and clamp ; — 

Size of cylinder 6 in. by 4 in. . . Fig. 37 

. 7 „ 5 

. 9 „ 6 

12 „ 9 

14 „ 10 . . 

Plate Electric Machines, mounted in a mahogany frame, brass 
conductor, handle, and clamp, complete, of the most im- 
proved construction : — 

Size of plate 9 in diameter. In wood case . Fig. 38 

12 «< • 


Larger machines made to order. 

Woodward’s Improved Plate Electric Machines ; — 

12 in. . . . . . Fig. 89 

15,,. . . . . 

18 „ . * . 

24 „ 

Mounted with a double plate, forming a very powerful ma- 
chine : — 

12 in. . . • . 

15 If • • c • • • 

18 
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Sir William Snaw Harris’s Electric Plate Machines, on maho- 
gany open frames, with Positive and Negative Conductors: — 

18 in. . . • . . Fig. 41 18 18 

2 feet 22 0 

3 45 0 

4 „ . . . . . 75 0 

Hydro-Electric Machines, consisting of a wrought-iron boiler, 
mounted on a carriage, with glats supports, detached con- 
ductor, &c., complete : — 

* No. 1. . . . . .-14 0 

2 . . . . . . 20 0 

3 > 45 0 


Glass Globe, op mahogany stand, mounted with stop-cock, 
brass caps and Sliding wire, in air-tight collar of leathers, 
for experiments^, itn the Electric spark in condensed air 
and in vacuo, &c. . . . . Fig. 43 

Carved Head with Hair, to illustrate attraction and repulsion 

Fig. 45 

Luminous Words formed on Glass by means of small spangles 


14 0 0 ...17 0 0 

. 20 0 0 ...25 6 0 

. 45 0 0 ...50 0 0 

. 75 0 0 100 0 0 


of tinfoil. On presenting the brass knob to the conductor 
of the machine, while a communication is made with the 

ground, the word is seen brilliantly illuminated . Fig. 46 0 7 6 ... 1 1 0 

Various devices are formed in this manner, as birds, stars, &c. 0 7 6 ... 1 1 0 

Painted Glass Plane, on stand, composed of different colours 
on which are formed figures as above, and when illuminated 

give a very beautiful effect . . . . , 0 12 6 ... 1 10 0 

Hand Spiral or Luminous Tube, This consists of two tubes, 
one inside the other ; on the inner one are fixed the span- 
gles, or small disks of tinfoil, in a spiral form, the extremi- 
ties being mounted with brass balls. The effect produced 
is ve'ry pleasing . . . , . .036. ..076 

Barker’s Revolving Spotted Tube, producing a still finer 
effect, motion being produced by the dispersion of Electricity . 
from the five points .... Fig. 47 • 0 12 6 ... 0 15 0* 

Five Glass Tubes, of different colours, with circular disks of 
tinfoil, mounted on a mahogany stand. In the centre is a 
revolving brass arm, which transmits electricity to each tube 
-in succession, producing a very fine effect . . . 1 10 6 .. 1 .15 0 

Coloured Glass and Paper Plumes, to exhibit the repulsive 

action of similar electrified bodies . . . .020... 030 

Insulated Stool, or Mahogany Stool on glass legs . Fig. 48 

12 inches square . . . . . 0 12 0 ... 0 15 0 

15 „ . . . . . 0 17 6 ... 1 0 0 

18 „ . . . . . . 1 10 0 ... I 12 6 

Apparatus for Firing Spirits of Wine by means of sparks from 
the Electric machine .... Fig. 40 Q 7 6 ... 0 12 0 

Sturgeon’s Apparatus fqj; Firing Gunpowder, &c , by the 
Electric spark . . , . Fig. 83 Q 8 6 ... 0 12 0 

Set of Three BqJIs, suspended on a brass rod or wire from 

the conductor 6i the machine^ the centre one being in • 

connexion with the ground. The attraction and repulsion 

is very well shown by the ringing of the bells , Fig. 50 0 7 6 ...' 0 10 0 

Set of Vive Bells on circular stand, four being insulateJ, and 
the fifth in connexion with the ground , . . 0*18 0 .a 1 1 0 
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The 'damut, or Ret of Eight Bells, mounted ‘on a circular 
mahogjiny stand. In the centre is an electric fly, or whirl, 
qsrrying a clapper, which successively strikes each bell 

j6a. admirable contrivance for illustrating Electrical Attraction 

r and Repulsion. It consists of a glass plate on an insulated 
stand, round which is a flat brass rfcig, supported on small 
glass pillars. On the under part of the glass are stri])s of 
tinfoil, forming a broad margin and four radii, three or four 
very light glass glol)Cs being placed on the plate. The 
apj)aratus is connected as shown in the figure. The evolu- 
tion of the balls is most striking and cuVious . Fig. 51 

Electrical Orrery, or Planetarium. This little instrument 
illustrates the current of air which accomiJanies the dis- 
charge of electricity from points . . . ■ Fig. 52 

Electrical Water Mill. This little,.model, made in cardboard, 
is set in motion hy directing a brass point, placed in the 
prime conductor of the machine, against the uppermost 
vane of the wheel , . . . P'ig. 53 

Pair of Circular Metallic Plates, the bottom one being on an 
adjusting stand, the ujiper one suspended from the prime 
conductor. Small figures of pith being placed between 
them, attraction and repulsion is shown in a very amusing 
manner ...... Fig. 55 

Pith Figures of Men and Women . , . Fig, 55 

Small Pail or Bucket, showing the influence of a current of 
Electricity on a stream of water . * . . I'ig. 50 

Pith Ball Stand, or Glass, in which are placed some pith 
balls, illustrating Electrical attraction and repulsion. 

Glass Tumbler, on stand, for showing attraction or rcpulKion 
by means of little pith balls . . . Fig. 57 

Pith Balls, per doz. .... 

Electrical Spider. Tin's being supported by a thread from 
the conductor, the legs arc attracted by a brass ball and 
repulsed by a point .... 

Electrical Swing. This little apparatus is dependent upon 
Electric attraction and repulsion . • . Fig. 58 

See-saw. This is another electric toy to illustrate the sonio 

law ...... 

Carved figures in cork, rejiresenting Neptune, a Mermaid, &c. 
These being set to float in an insulated basin, and the water 
electrified, arc attracted by a metallic wire being presented 
to them . . . . 

Apparatus- for the ignition of phosphorus by the action of a 

• current of Electricity on the flame of a candle , Fig. Gl) 

Exhausted tube for showing the resistance which the ])resenco 
of the atmospheric aii offers to the transmission of Electricity, 
WJicn partially exhausted the fluid passes in the form a 
beautiful blue light closely resembling the Aurora 
Borealis . . ; . . Fig. 5l 

Buminous or Exhausting Flask, with screw and valve, for show- 
ing the same 2 )honomena .... 

Ghiss Bell Receiver, mounted^, with brass cap and a light sliding 
rod. Brass plate on foot with stop-cock for experiment 
with Etiectric li^nt ... . . Fig. 00 


1 s. d. £ B. d. 

1 15 0 to 2 2 0 

1 10 0 ... 3 3 0 

f 

vO " 6 ... 0 10 6 

I / 

0 15 0 ... 1 1 0 

0 10 G ... 1 1 0 

0 1 0 ... 0 2 6 

0 5 0 ... 0 7 6 

0 4 0 ... 0 7 6 

0 6 6 ... 0 8 6 

0 1 0 ... 0 1 6 

0 12 0 ... 0 15 0 

0 15 0 ... 1 1 0 

0 0 0 ... 0 7 6 

0 15 0... 1 1 0 

0 15 0 ... 3 3 0 

0 8 . 0 ... 0 12 

2 2 0 ... 3 3 0 



ELECTRICAL APPABA'l||rS. 

. £ 8. d. JE 8. d. 

Brass syringes for exhausting tubes- and flaslts 7 6 to ^5' 0 

Elcctriciil or Leyd(!fti Jars, with mahogany covers and coated 
v(ith tinfoil; — . , . . - Fig. 60 

pint . . ... 0 4 6 ... 0 6 

1 „ . . . . 0 6 Os... 0 7^6 

U „ . . . . 0 7 6 ... 0 0 f 

1 quart. . . .# . 0 8 6 ... 0 10 U 

3 pints . . . . 0 10 6 ... 0 12 0 

2 ((luirts . . . . 0 15 0 ... 0 17 0 

1 gallon . . . 1 1 0 ... 1 4 0 

Medical Electric Jars so nrrangc?d as to retain the charge for a 
considerable period y . . . ^ Fig. 67 0 7 6 0 10 6 

Leyden jars ipountetl on tlio plans of Barker, Lockey, and 
llarris .... Figs. 68. 60. 70 0 7 6 ... 1 1 0 

Spotted or Diamond jars . •. . Fig. 61 0 6 0 ... 1 1 0 

Two Leyden Jarf mounted for illustrating the theory of 
Franklin , . . . Fig. 70 0 10 6 

Leyden Jars mounted as shown in . . - Fig. 80 0 12 0 ... 0 18 0 

Leyden Jar with movoahle coatings for illiistratine: the tact \ 

• that Electricity resides only on the surface of the glass 0 12 0 ... 0 18 0 

Faraday’s Electric Jar with wirc-gaiize mounting, for illustrat- 
ing tlie action of the Leyden phial . . ' . 0 14 0 ... 1 1 0 

Electrical Sportsman. — TI)is popular experiment consi^s of a 
carved figure which is fixed on to the siuue board^vith a. 

Leyden jar ; from the latter proceed two w ires in (^ponito 
directions and of ditferent lengths. The Icniger and most 
distant carries two small i>ith birds supported by two threads, 
and the shorter wire is terminated with a small hall touch- 
ing the muzzle of tlie .-^pcn’tsmairs .quu. On charging tin? * 

jar the birds rise, and on the dfscharge they drop as if shut ■ 0 18 0 ... 1 11 0 


Electric Batteries, consisting of a combination of glass jaos I 

mounted with brass balls and wires, in mahogany tray Fig. 70 1 1 0 ...10 10 0 

Electric Batteries mounted ,ou the plan of Sir Win. Snow 
Harris ..... 1- ig. 77 2 2 0 ...20 0 0^ 

Magic Picture for giving sliglst shocks. It consists of a pane 
of' glass coated with tin-foil and acts the same as a Leyden 
jar , . . . . . . 0 7 0 ... 0 10 0 

Diseluirging Rod with insulated glass handle . Fig. 01 0 2 0 ... 0 5 0 

Superior jointed, ditto . . . . 0 7 6 ... 0 15 0 

Electric Directors with glass handles, useful for medical 
purposes . . . . . . 0 3. 6 ... 0 5 0 

Director for administering Klcctricitv to the eve . j 0 2 6 ... 0 5 6 

Director for administriiig Flectricity to the ear . 0 3 G 0 5 0 

Luminous Discharging Rod consisting of a bent tube mounted 
with handle in the centre and brass ball at each end, these 
latter are connected by means of a rusty iron chain ; 
wher* discharging a •Leyden jar it becomes beautifully 

illuminated . . . . 0 7 6 ... 0 12 0 


Cuthbertsou,’8 D^i^yt^sal Discharger, the forces being estimated 
by graih weights .... Fig. 74 2 2 0 ... 2 ll/ 0 

Henlcy^s Universal Discharger, for passing tlie shocks through 

various objects, deflagrating metals, &c., &c. ,Fig. 75 1 I 0 ... 1 11 6 

Leyden Jar mounted with brass plate and small cannon Fig. 85 4) 15 0^.. 1 1 0 



6< EIjjCTEIOAL APPAEATirS. 

Twd l^yden Jars n\ounted shown . . Fig. 86 

Kinnersley’s apparatus for showing the rarefaction which takes 
place air when an Electric spark passes through it Fig. 88 

Si:?^ Jar% mounted ^with valv^ to exhibit the Leyden 
vacuum ^ . / . . . Fig. 89 

Long glass tube, mounted on foot, to eishibit what is popularly 
known as the Falling Star . .. 

Mahogany Model called "the Lightning House, showing the 
importance of lightning conductors . . Fig, 90 

Brass Cannon mounted on brass carriage, to be charged with 
oxygen and hydrogen gas, and fired by the Electric dis- 
charge . , . , . . Fig. 91 

Brass Cannon on wood carriage . . . 

Electric Pistol to be charged and fired similar to the cannon 
Brass Electric Cannon to fire gunpowder . Fig. 91 

Electric Mortar or Bomb, made in hard wood or ivory and 
charged with fulminating silver 

Electric Fire House. In the inside of this little model of a 
house is place a small portion of cotton wool saturated with 
spirits of wine — on discharging through it a Leyden jar it is 
set on firo ...... 

Professor Hare's Apparatus for deflagrating metallic 
wires . . i| . . Fig. 92 

Richman's Arrangement to show the qua'^lity of the two Electri- 
cities on the inner and outer surfaces of the Leyden 
jar , . . . . . Fig. 93 

Sir Wm. Snow Harris's Electro Thermometer . Fig. 94 

Sir Wm. Snow Harris's Discharging Electrometer Fig, 95 

Harris's Unit Jar Electrometer, for measuring the quantity of 
Electricity conveyed into a battery or large Leyden 
jar . . . . . . Figs. 96, 97 

Faraday’s Induction Apparatus . . Fig. 98 

Cards mounted with gold-leaf to prove that an Electric explo- 
sion will not leave a good conductor to fall upon bodies out 
of that Ime .... Figs. 102, i03 

Electric Exploring Conductors and apparatus for studying 
atmospheric Electricity, made to order . Fig. 110 

Koad's String Box mounted with a Lane's discharger for ex- 
periments with the Electric kite . . Fig. 113 

Electric Kite String having a metallic wire worked into it 

Volta's Atmospheric Electrometer . , Fig. 114 

,, Spark Measurer . , . Fig. 115 

Gold-leaf Electroscope as used at the Kew Observatory Fig. 1 10 
The Distinguisher,’* as used also at the Kew Observatory 

Fig. 

The Induction Electrometer of M. Peltier. 

Lightning Conductors made and fixed on the most approved 
principles. 

Cavallo Pkh Ball Electroscope, used for experiments on 
Atmospheric Eleetpeity . . 


£ 8. d. 

0^0 

■# 

1 1 0 
0 7 6, 
0 12 0 . 
0 18 0. 


K) 17 0 . 
0 10 6 . 
0 7 6. 
0*5 6 . 

0 5 0. 


0 13 0 . 
110 . 

1 11 G . 
1 11 G .. 
15 0 .. 

110 .. 


0 2 0 .. 


2 2 0 .. 

3 3 0.. 
2 2 0 .. 

2 2 0 .. 
3 3 0... 

V- . '• « 


0*12 0 . 


£ s. d. 
to 1 1 0 

... 1,10 0 

... 0 10 0 

...2 2 0 

..110 

..110 
.. 1 10 
.. 0 10 .0 
.. 0 10 0 

..076 

.. 0 18 0 
.. 1 10 0 

..220 
..220 
.. 1 10 - 0 

..220 

.026 

.330 

.440 

.330 

.330 

.440 

. 0 is 0 
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. ^ £ I. d. 4 A d 

Thunder House, being a mahogany model to explain th^ • P ' 

of lightning conductors , . • • . Fig, 120 0 7 0 to €^2' 0 

Mahogany Model of an Obelisk, to illustrate the same thing . 0 10 0 0 15 0 

Small Model, to illustrate. the use of conductors as applied to * v 

ships . Fig. 121 2 2 « 4 4 0 

Apparatus to illustrate the fact that pointed bodies discharge 
the electricity of the clouds without attracting them 

Fig. 122 1 1 0 ... 2 2 0 

Atmospheric Electric Warning Bell. An open mahogany 
frame represents the roof of a house, through which passes 
an insulated lightnl||ig rod j one of the two bells communi- 
cates with the floor, the other with th§ rod ; a thread of 
silk sustains the dlapper, which rings the bell when the 
thundercloud passes over the rod. (A large machine may 
be made to represtnt the real cloud) . . . 1 15 0... 220 

Models to show iSir Wm. Snow Harris’s plan of applying 

liglitning conductors to ships. 

The following materials j parts, portions, Sc. , of appa- 
ratus are 'required for matters of experiment : — 

Brass Chain, per doz. yards . . . .030 

Brass Electric Balls, with similar screw-hole for attaching to 
wire — 

i I { i 1 U 14 1| 2 inches diameter 

/3 /3 /3 /() /9 1/ 1/3 2/6 


Brass Wire, taped, with screw to fit the balls-^ 

(i 0 12 inches long. 

/4 /8 /9 


Tinfoil ..... 

. per lb. 

0 

2 

6 




Superior Amalgam for Electric Machines . 

, per box 

0 

1 

0 .. 

. 0 

2 

0 

Brass Conductors for small Electric Machines. 


0 

4 

6 .. 

. 0 

10 

0 

GlUss Solid Hod . . . . . 

. per lb. 

0 

1 

6 




Glass Stool Feet .... 

. each 

0 

1 

0 .. 

. 0 

2 


Glass Handles for Discharging Rods 


0 

1 

2.. 

. 0 

1 

6 


Glass Cylinders for Electric Machines — 

6 bv 4 7 bv 5 9 bv 6 12 by 9 14 by 10 

2/G 4/ 0/ 10/ 14/ each 

Circular Glass Plates, with hole drilled in centre for fitting 
/ up Plate Electric Machines — 

9 12 15 18 24 30 inches 

6/ 12/ 21/ 30/ 00/ 100/ each 

Plain Glass .lars, for coating with tinfoil — * 

4 ^ ^ quart 3 pints 1 gallon 

1/ 1/6 l/J 2/ 3/ 4/0 each 


GALVANIC APFIsATUS AND MATEBMLS. 

/ 

Pair of Plates, to illustrate the formation of , 

a galvanic circuit , . , . Fig. 130 0 12 0 ... 1 10 0 

Simple Galvanic Arrangement, consisting of a cylinder of 
zinC and double cylinder of copper, which holds tins dilute 
sulphuric acid , , , . . Fig, 133 fi 10 6^to 110 



aAlVAJTIC JLPPABATTS. 


Volta’f ^^alvanic Pile, consisting of one hundred pairs of zinc 
and copper disks 2 in. diameter, supported between three 
mahoga(.iy pillars, on stand . . . Fig. 135 

De.^^juc'8 Electric Column . • . * Fig. 136 

Electroscope, with moveable leaves . . . Fig. 137= 

Faraday’s Apparatus for showing the Piienomena of an Elec- 
tric Current independent of the contact of dissimilar 
metals ...... 

Pairs of round Zinc and Copper Plates, soldered together, 
two inches diameter, tp form with moistened cloth the pile 
of Volta, per dozen .... 

Silver and Zinc Wires soldered together in pairs for placing 
in small glasses with dilute acid solution, forming the 
“ couronne des tasses” of M. Volta, per dozen . 

Zinc and Copper Cylinders in Glass Jars to form a Water 
Battery, properly insulated and arranged, per 100, from 

Mica Battery . . . . . Fig. 138 

Galvanic Arrangement or Battery, termed Cruikshank’s, con- 
sisting of a series of copper and zinc plates soldered toge- 
ther, and cemented into a mahogany trough. Chiefly used 
for medical purposes. 

With 50 pair of plates, 1| inch 
,, 100 ,, — • • 


je B. d. £ s. d. 

1 10 0 to 2 2 0 

1 11 6... 3 3 0 

1 11 6 ... 2 2 0 

0 10 6 ... 0 15 0 


iO 6 0 


1 8 0 

2 15 0 

4 4"0 

5 5 0 
1 16 0 
2 10 0 

3 10 0 


Dr. Wollaston’s Arrangement, consisting of twelve pair of 
4-inch plates in porcelain trough ... 

•Dr. Hare’s Arrangement .... Fig. 144 

Van Melsen’s Battery .... Fig. 146 

Professor Daniell’s Constant Battery : — 

1 Cell, 6 inches high . . . Fig. 151 

1 :: Is : " : : ; 

A Set of six, 6 inches, in mahogany frame . Fig. 152 
>» ^2 „• „ 

99 t* ** • * 

Smee’s Chemico-Mechanical Batteries, consisting only of zinc 
and platinized silver plates in porcelain jar, requiring only one 
fluid — viz., dilute sulphuric acid. This battery, though not 
so powerful as Grove s, Bunsen’s, or Callan’s, possesses the 
great advantage of simplicity , . . Fig. 154 

The Platinized Silver Plate • . 2 by 4 inches , 

„ - „ . • , . 3 by 5 ,, . 

99 ft ■ ^ • . dj by 5^ ,, 

These batteries are well suitea for electrotyping purposes. 

A Buries of tax. pair, (size of Platinized Silver Plates 3 in. by 5) 
in gutta percha or glass cells, the whole of the plates being 
raised from or immersed into the cells by means of a wind- 
lass. Well adapted for the lecture table . . Fig. 155 

Set of Ten, well adapted for blasting 


0 6 6 
0 12 0 
0 17 0 
2 10 0 
4 4 0 
6 6 0 


0 8 6 
0 10 6 
0 14 6 
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Grove’s powerful Galvanic Batteries, in glass cells and* ma- 
hogany tray. Size of Platina Plates. 6 by 3. 

Set of 3 „ 

,, 4 „ 

• 6 „ . • . . • 

Set of 10 pair, in glass cells and wood' tray. ^ 

10 sets of the above, making 100 pair of plates, and consti- 
tuting a most powerful battery, exhibits the Electric light 
in a very satisfactory manner. 

Improved Carbon, or Bunsen's Battery . . Fig. 161 


A single element, consisting of a carbon cylinder, porous pot, 
and zinc plate in glass jar ... 

Series*of 10 Elements ... 

' „ • 20 ,, . • • . 

The Callan, or Manootb Battery. This form of battery con- 
sists of a cast-aron cel], in which is a porous pot containing 
the zinc plate. The cast-iron cell is charged with nitric 
acid, and the porous one with dilute sulphuric. This forms 
an economical battery, of about the same power ns Grove's. 
A single cell .... 

A series of 10, in strong wood tray . . 4 in. sq. 

A single cell .... 

A series of 10, in strong wood tray . . 8 in. sq. 

Dr. Leeson’s Improved Buttery, consisting of 10 pair of 
copper and zinc plates, arranged in a mahogany trough 

Fig. 1G4 

Grove's Gas Battery . . . * . Fig. 165 

Set of four elements arranged in series ... 

Set of six . 

Grove’s Gas Battery , , . . , Fig. 169 

Single Element ...... 

Wheatstone’s Rheostat, an instrument for measuring and 
regulating the resistance otfered to the Electric current by 
passing through various lengths of wire : — 

For great resistances , . . Fig. 170 

For small resistances . , . Fig. 171 


4 B, d. 


3 3 0 

4 4 0 
6 6 h 

10 10 0 


0 6 0 
3 0 0 
6 0 0 


0 6 0 

3 3 0 
0 8 ( 

4 14 C 


3 10 0 

4 4 C 
0 6 0 

2 2 0 


3 13 6 to 4 14 6 
8 8 0 ...10 10 0 


Wheatstone’s Series of Resistance Coils for measuring the re- 
sistance of long telegraph wires, or imperfectly conducting 
liquids . ..... 

De la Rue’s Discharger for readily submitting different char- 
coal points and metals to the influence of the galvanic 
battery . . , . Fig. 173 

Arrangement to show the heating effects of .the galvanic cur- 
rent, consisting of a spiral platina wire in a glass tube Fig. 174 

Contrivance by which different lengths of the same platina wire 
may be submitted to the galvanic current inclosed in a glass 
tube . ..... 

Apparatus consisting of a glass globe mounted \rith stop-cock 
and sliding forceps for showing the Electric light in 
vacuo . . • , . . Fig. 176 

Du6oscq’s Electric Lamp, a contrivance for regulating and 
keeping cons^afit fhe Electric light produced by the charcoal 
points. 

Deleuil’s Modification as shown in . • . Fig. 177, 178 

Oerstdd’s Apparatus for showing the deflection of the iffagnetic 
needle by a copper wire transmitting an Electric current 
round it . , . .• , Fig. 184 


2 2 0 ... 5 5 0 

2 2 0 ... 3 3 0 

0 12 0 ... 1 10 0 

1 5 0... 2 2 0 

1 17 6 ... 3 3 0 




0 10 6 ... 1 I 0 



10.' GtjJ^JLSlC AJPABATUS. 

Impro^^d fonn so arranged ^hat the wire transmitting th^ 
Electric ^current may be carried in a parallel direction 
enti^ly round a freely suspended magnetic needle . 

GaK^nometer cconsisting of a rectangular coil of insulated 
popper wire, containing a magnetic needle suspended by a 
point, mounted on a mahogany board*. 

Torsion Galvanometer on the principle first described by Dr. 
Ritchie , • . . . Fig. 185 

Improved Torsion Galvanometer with astatic needle as recom- 
mended by Professors Gumming and Nobili. Divided metal 
ring, mounted on a mahogany board, with levelling screws 
and glass shade ..... 

A more delicate instrument on brass stand, with moveable coil 
of very fine wire, adjusting screws, divided circle, and glass 
shade ..... Fig. 186 

The Sine Galvanometer for the determination of the intensity 
%^trong Electric currents . . . Fig. 187 

Tangent Galvanometer . . . Fig. 188 

Cumming's Gold-leaf Galvanometer. It consists a slip ofgold- 
leaf enclosed within a glass tube, the gold-leaf forming part 
of the circuit is attracted or repelled by the poles of a 
magnet . . . . . 

Sturgeon’s Gold-leaf Galvanometer and dry Electric 
pile ...... page 635 

Iremonger’s Hydrostatic Galvanometer * . page 335 

Apparatus for the decomposition of water by the galvanic 
battery : — with 1 tube . . . Fig. 1113 

„ with 2 tubes .... 

Apparatus forMecomposition of neutral salts . Fig. ] di 

Ditto, with two glass tubes . , . Fig. 195 

Faraday’s Rectangular Glass Trough, or cell for exhibiting 
Electro-chemical decompositions . . Fig. 1 96 

Sir H. Davy’s Apparatus for the Electro-reduction of the 
alkaline metals ..... 

Golding Birds arrangement for obtaining amalgams of the 
alkaline metals, with a galvanic current of a single pair 
of plates ..... Fig. 197 

Faraday’s apparatus to illustrate the fact that water may act 
as a pole in a galvanic circuit proved by the decomposition 
of sulphate of magnesia • . . Fig. 198 

Faraday’s Volta- Measurers for measuring the quantity of Elec- 
tricity passing through it. Tliis is only adapted for feeble 
Electric forces .... Fig. 207 

Faraday’s Volta Electrometer, with larger Electrodes for decom- 
position of water by a more powerful galvanic current Fig, 202 

Pair of Platina Disks or Plates on insulated columns for the 
decomposition of the alkalias by galvanism . Fig. 200 

Apparatus for obtaining by the aid of the galvanic fluid sul- 
phet, sulphate of baryta, &c., in a crystalline state . 

Daniell’s Apparatus for experiments on the Electrolysis of 
secondary coihpounda • * . . • Fig. 210 


£ s. d. 

1 1 0 

0 10 6 . 
0 12 o:. 

1 

2 2 0 . 

t * 

5' 5 0 

5 0 0, 
7 7 0. 

1 11 6 . 


0 12 0 . 
0 14 0 . 

0 5 0. 
0 7 6. 

0 10 0 . 

110. 

0 14 0 . 

0 12 0 . 

1 1 0 . 
1 10 0 . 
J 10 0.. 


£ «. d. 
to 1 11 6 

,..110 
... 1 1 0 

..440 

,..8 8 0 

.. 7 -0 0 
..15 15 0 

..2 2 0 

..110 
.. 1 11 6 

.. 0 10 6 
.. 0 10 0 

.. 0 15 0 

.. 1 10 0 

..110 

., 0 18 0 

.. 1 10 0 
..500 
.. 2 10 0 



ELECTEOTXPE APPAE^TUS. 11 

^ 8. d. » k. d. 

ELECTBO-METALLXmaY OE ELECTEOTl^E. 

Electro-Metallurgy, or Electrotype, being the art of deposit- 
ing from their solutions various metals, as gold, silver, 
copper, &c., in the metallic form. 

Single cell apparatus in porcelain or glass jar . Fig. 211 0, 3 6 to 0 10 6 

Apparatus in mahogany trough requiring neither acid or 
mercury , . • . Fig. 213 0 12 0 

Battery Apparatus ^ . . . . Fig. 212 

Smee's Single Cell batteries of a form expressly adapted for 
Electrotype operation : — 

No. J.« size of Platinized silver plate 4 by 2 0 8 6 

2. . „ „ 5 by3 0 10 6 

3. „ „ h\ by 3 0 14 6 

4. • „ „ 6 by 4 0 17 6 

Large Compound Acid Battery, the zinc plates being 10 in. by 
G, surrounded by copper in stone-ware cells and wood frame. 

A series of four . , . . . 5 5 0 

Decomposing Troughs . . . Fig. 212 

Made in ash properly cemented inside. 

5 inches long by 4-^ inches deep . . • 0 7 0 

8 „ ^ • • * 0 10 0 
12 „ 10 „ . ^ . 0 14 0 

18 „ 12 „ . . . 1 0,0 

Large sizes to order. 

Decomposing Troughs made in mahogany, with more finished 
mountings 

9 inches by 0 inches . . . 0 15 0 

12 „ 10 „ . . . 110 

Electrotype Apparatus in which neither acid or mercury is 
used (pure zinc, sulphate of copper, and muriate of am- 
monia being the materials employed) . Fig. 213 0 12 0 

Horizontal Decomposing Trough for taking oft' and copying 
copper-plates. By this arrangement furrows on the surface 
ol the newly formed plate are more readily prevented. 

Size 10 by 8 . . . . Fig. 214 10 0 

Larger sizes to order. 

Apparatus for producing six Electrotypes at the same 
time , . . . . Figf! 215 110 


APPAEATUS FOE ELECTED GILDING AND 

SmVEEINO. 

• _ 

Single Cell Apparatu. consisting of a square porcelain or glass 
cell, porous pdt, and zinc plate . . . 036 to010*0 

(The best form of Apparatus for gilding or silvering is the bat- 
ery and decomposing cell similar to Fig. 212. The trough 
bein{; made in glass or stone- ware, and the battery consist*- 
ing of a series of plates in place of a single pair,) 
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Glass Befomposing Tfoughs i^th metal bars and binding screws 
to support the plate of gold or silver ami also the articles to 
be coatefi. 

Larae 'sizes for manufacturing purposes made in stone-ware to 


1 J6 s. d. £ 8. d. 


0 10 0 to 1 1 0 


BATTEEIES FOR ELECTRO-GILDING OR 
SILVERING. 

(For small operations either Smee’s or Danieirs arrangements 
are the best, but for manufacturing purposes larger plates 
bf copper and zinc are used, see Compound Acid Battery. 

In place of the galvanic battery the Electro-Magneto machine 
is now much ‘used. One mounted for this purpose with a 
12 inch Compound Magnet of 6 bars 

Gassiot’s apparatus for producing Nobili’s coloured rings by the 
decomposition of acetate of lead on a polished steel plate. 

f* 


10 10 0 ...15 0 0 


SUNDHT MATEBIALS FOB CABBTIKO ON 
OALVANIC OB BLECTBOTYFE EXPEBI- 
MENTS. 

Porous Cells of superior quality 


Bound. 

Size 24 by 
H by H 
44 by 2 
0 by 2 
9 by 2 
12 by 2 
18 by 2 


, Flat. 

34 by 2 
44 by 4 , 
54 by 34 
4 by 4 
t wide 
7by 7 • 
12 by 12 


Binding Screws of various^brms. • . . each 

.Brush for applying plumbago to moulds 
Brush for bronzing electrotypes .... 
Scratch Brush for cleaning articles to be gilded or plated. 
Copper Sheet . . . . .per lb. 

Copper Wire , . . . . . „ 

Copper Wire, covered with either cotton or silk in a very 
superior manner, the perfect insulation of which may be 
. depended on. For electro-magnetic experiments, construc- 
tion of colls, and telegraphic instruments. Other sizes can 
be had, but the following are those generally in stock ; — 

Covered with Cotton. Covered with Silk. 
12 . . per lb. 2 6 

14 . . 2 6 


13 6 
15 0 
19 0 
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Copper, Sulphate , . , . 

. per lb. 

i£ 

0 

6. 

0 

d. B. 

8 

d. 

Clichee Metal, for moulds , . , . 

• 

0 

3 

6 f 


Carbon Bisulphuret , , . . 

• » 

0 

3 



Muriatic Acid . , . . 

• »> 

0 

1 

0 


Nitric Acid , , . , f 

• 99 

0 

1 

G 


Sulphuric Acid , . , . 

• 99 

0 

0 

3 


Carbon Points, for producing electric light with galvanic 
battery. 

0 

1 

0 to 0 2 

0 

Gold, pure Sheet and Wire . 

per dwt. 

0 

5 

6 


Gold Oxide, *in bottfes. 


0 

7 

6 ... 1 1 

0 

Gold Cyanide ’Solution 

per pint 

0 

16 

0 


Platina, Sheet and Wire 

. per oz. 

1 

10 

0 


Platina Foil . . . • . 

• 

1 

12 

0 


Potassium Cyanide .... 

. per lb. 

0 

3 

6 to 0 5 


Potash, Yellow Prussiatc 

• 9} 

0 

2 

0 

• 

Phosphorus ..... 

. per oz. 

0 

0 

6 


PhosporuB Solution in Sulphuret of Carbon . 

* 9i 

0 

1 

0 


Plumbago ..... 

• 9> 

0 

0 

0 


Gutta Percha, for making moulds 

• . per lb. 

0 

3 

0 


Silver, pure Sheet and Wire . 

, per oz. 

0 

8 

0 


Silver Cyanide Solution ' . 

per pint 

0 

10 

0 


Silver Oxide, in bottles, 3s. dd. and Gs. Gd. , 

. per oz. 

0 

7 

0 


SteiU'ine ..... 

. per lb. 

0 

2 

0 


Wax, White or Virgin 

Zinc, Commercial . ’ . . 

• *9 

• >f 

0 

3 

0 


Zinc, Pure ..... 

99 

0 

1 

6 


Zinc, cast in Rods or Plates . 

• 99 J 

0 

1 

6 


Zinc, Sheet, cut in Plates 

• »9 

0 

1 

6 



Improved Moulds for Electrotyping, made of Clichee Metal 
and of Prepared Gutta Percha. These Moulds are so 
perfect, that they produce Electrotypes equal in beauty and 
perfection to the original medals. 

The Mudic National Medals. A grand series of Forty English 
Medals, published by James Mudie, Esq., conynemorating 
the success and valour of the British arms in the Peninsula, 

They consist of seventy moulds, some of the obverses being 
duplicate : — 

In Clichee Metal, £5, or Is. Gcf. each. 

In Gutta Percha, £l Is., or id. each. 

Descriptive Cat*!logue of the series, fid. 

Dassier's Medals of the Kings and Queens of England, from 
Willi|m I. fo Gdbrge II. 

The set of 70 Moulds in Gutta Percha . , ,110 

Moulds in Clichee Metal . . . each 0 16 

Moulds in Gutta Percha . . .• „ 0 0 4 



14^ MEDIOA^ GALTAKIC APPABATTTS. 

The dtifdd Series of ^141 M^als struck at the National Mint 
of Paris by order of Napoleon Bonaparte, commemorating 
the moin remarkable battles and events during his dynasty. 
212 Moulds : — 

^ In CliChee Metal . . 

c In Cutta Percha ..... 

V 

Host of the single Moulds according to the diameter. 

A great variety of Clichee and Gutta Percha Moulds from 
interesting Medals, both English and Foreign : — 


1^ inch diameter 

li 


Clichee Metal. 

Is. 3d. 


Gutta Percha. 


. 1 6 Os. 4d. 

,2 0 0 0 

2^ „ . 3 0 0 9 

3 „ .40 10 

„ .5 0 2 0 

Knight’s Preparation for Bronzing Electrotype Medals. This 
being applied in the form of a powder, instead of a liquid, 
as is usually the case, does not injure or clog in the slightest 
degree the sharpness of the finest line. In bottles, with 
directions for use ...... 


£ s. d. 


10 10 
5 0 


0 2 0 


APPAEATirS FOE MEfilWX PTTEPOSES. 


■Cnight’s AiTangoment of the Medical Coil Machine. It 
consists of a liorizontal primary and secondary coil, above 
which is a small vibratory armature. VN’ith battery, medical - 
directors, &c., the whole enclosed in a very neat and portable j 
mahogany case, with lock and key . . . . | 3 13 6 


dore powerful Apparatus, on a similar construction, with two i 
batteries and water regulator, in handsome mahogany cjise. j 7 l7 0 

)r. Golding Bird’s Electro-Magnetic Coil Machine . , j 

The advantage offered* by this arrangement of ' the Coil | 

Machine, is the having a secondary as well as a primary I 
coil, at the same time that the electric current passes in i 
one direction only. In all Electro- Magnetic Machines 
with vibrating armatures, used for medical purposes, the 
current of electricity is not continuous in one direction, 
but the same M'irc is alternately positive and negative. 

This is readily proved by the galvanometer or by chemical 
decomposition. On this account, therefore, however 
useful the vibrating machine is when merely required as 
a stimulant, it is likely to fail in its effects when brought 
into use in many forms of paralysis, in consequence of 
the operator not being able to transmit the positive 
. current in the direction of the nervous ramifications. 


In mahogany case, with conductors 


c 4 4 0 


foad’s Medico*Electro Dynamic Coil Machine, constructed 
■\vith the object of regulating to the greatest nicety, not 
only the strength, but also the frequency in the direction of 
the shocks. (See detailed description, to be had of the 
publishers.) . . . . . . 10 10 0 

lagneto-Electric Machines for Medical Purposes . , 5 6 0 to,12 0 0 

(See Magneto-Electric Apparatus.) 



TfiEBMO-BLTDCTBIO APPA^fiTtjS. 


IffEDICAI DIBECTOfiS. 

Plain Sponge Directors • . . . ‘ . 

Directors for applying the Current to any particular part^ such 
as the ear, teeth, nerves, &c. . . . . 

Directors for applying the Current to variouf parts of the 
body ....... 

Dr. Radford’s Uterine Director . . . . 


THERMO-'ELECTEIC APPARATUS. 

Seebech’s Rectangular Frame of Bismuth and Antimony, 
inclosing a magnetic needle on a centre, which is deflected 
on the application of lieat . * . . Fig. 233 

•Pouillet’s Arrangement, consisting of a short cylindrical bar 
of bismuth, with conducting wires for completing the elec- 
tric current in either direction . . . Uig. 234 

Thermo- Apparatus, consisting of a frame, the upper part 
composed of copper, the lower of bismuth, with a magnetic 
needle on centre, which is deflected on the application of 
heat . . . . . , . Fig. 235 

Thermo-Rotating Rectangular Frames, composed of platina 
and silver-wire, mounted oil a liorse-shoe magnet, with brass 
foot and lamp, the flame of which causes the frames to 
revolve ...... Fig. 231) 

Mellon i’s Thermo-Electric Battery, consisting of a series of 
small bars of antimony and bismuth soldered alternately 
together, mounted on stand, with binding screws Fig. 238 

Mclloni’s Thermo-Electric Apparatus, for his experiments on 
the radiant lie.'it of various bodies, their ]>OAver of emitting 
and absorbing it, &c, .... 

Lock’s Thermo-Electric Battery, consisting of a series of bars 
of antimony and bismuth fixed in a meiallic cylinder, 
leaving only the extremities of the bars exposed. The 
instrument is put in action by placing it in a vessel of ice, 
and then laying the iiot iron plate on the top . Fig. 240 

Professor Cumming’s Stellar-Form Thermo-Electric Compo- 
site Battery, composed of forty pairs of iron and copper 
wires, formed in radial lines on a circular cardboard 

* Fig. 241 

Professor Dove's Comi)osite Thermo Battery for constant 
currents ...... Fig. 242 

Van der Voort’s Thermo-Electric Battery, consisting of 
eighteen pairs of antinfony .and bismuth united alternately 
and fixed in a mahogany box by plaster of Paris. To use 
it, the bottom*is pj^ced in a freezing mixture, and boiling 
oil or waiter placed on the top , . . Fig, 243 

Watkins’s Thermo-Electric Pile, consisting of a number of 
sqiuyo antimony and bismuth pl.ates alternately soldered 
together and mounted in a frame, with the upper ancf lower 
junctions of the metals exposed . . . Fig. 244 


£ 8. d. £ 8. 'd. 

• /• 

H) 3 6 t(#0 7 6 

0 3 ^... 0 10% 

0 3 6 ... 0 10 0 

0 12 6 


0 8 G ... 0 12 6* 

0 15 0 ... 1 10 

0 10 0 ... 1 *1 0 

1 I 0 ... 1 10 0 

I 1 5 0 ... 1 11 6 ■ 

i ♦ 

10 0 0...30 0 0 

3 3 0 ... 5 5 0 

2 12 G ... 3 3 0 

4 4 0 5 5 0 

2 12 6... 3 3» 0 

48 4 0 5 5 0 



1C THEB;>ilO-EL£CTEIO iLPPAEATIJSr 

. j ^ £ B. d. £ I. d. 

Peltfer's Thermo-Electric hygrometer, consisting of a series 
of slander bars of antimony and bismuth, arranged alter- 
natelyCin the form of a crown, and united in pairs. A 
pLtina disk containing water is placed on the top of the 
rcompoun^ wires, the evaporation of the water causes a 
reduction of temperature, which develops the electric current, 
shown by the deflection of a galvarometer . Fig. 245 0 10 6 to 1 1 0 



ELECTEO-MAGNETJC APPARATUS 

DESCRTIIKD IN 

NOAD^S MANUAL OF ELECTEICITY. 


l*AltT IT. 


MAGNETIC APPARATUS. 

Coinprisiiif^ the VJirioiia instruinents for illustrating the plicnomcna, 
and carrying on investigations, in tins important and 
interesting hrane.h of Science. 

Jhir Magn(‘is. — Tln-se are used for illiisl rating the Laws of rolarily, 
Attraction, and llt^jnilsion, exJiibiting tlie magnetic curves, and 
re(jni.sit(j lor carrying on various investigations ; — 

A pair with soft iron armatures in sliding maliogany box — Fig. 277 
(jin. Sin. lOiti. 12in. Kiiii.* 18in. 

1/ o/O 7/d 10/G 14/ 21/ 

Ilorse-shoe Magnets. This is the eoinmoiuNst form of the Magnet. 
'Idle ]jol(*s an' brought near together, and furnished with a soft 
iron armature or kei'per, when it is cai)ablo of su 2 Jporting several 
tinn.'S its own weight ; — ■ Fig. 291 

2 ;{ 4 fJ d 7 8 1) 10 12 iiiehes 

./5 /d /8 1/ 1/d 2/d 3/ 4/ 5/ 7/ each. 

Compound llorsc-shoo Magnets. —When several are placed togetln*r, 
and proptu-ly secured by bolts, their power for sustaining weights 
and exhibiting the various phenomena of Magnetism is greatly 


iiicrcuised : — 

Comjiouiid Magnets. — G inebes long — 

3 bars 4 bars d bars 

12/ Id/ 21/ 

Compound Magnets. — 8 inches huig — 

3 bars 4 bars d bars 

18/ 24/ 3d/ 

Compound Magnets. — 10 inebes long — 

3 bars 4 bars d bars 

24/ 32/ 48/ 

Compound Magiuds. — 12 inches long — 

3 liars 4 bars G bars 

28/ 37/ 58/ 


Any oilier s-^izes made to order. 

Compound Ht)rse-sboe Magnets are fretj[UontIy made of an odd 
number ol‘ bars, tlie centn* one being the longest, the. two on each 
side shorter, and tlie tvsro next still shorter, forming a stt'p-likc 
nppeariuu'e a't tlu' jioles ; for many purposes this arrangement is 
very eonvenicnt, (jsiieeially in charging other magnets : — 

8-iueh Miignet of 5 bars 
lO-ineh ditto ... 

12-ineh ditto . . . 


-€ 8. ih 


1 10 0 
2 2 ,0 
2 12 d 



2 


m/gnetic apparatus. 


Logoman’s Ma^gnets {Vide Noad’s Manual, 81) 

Single. — lugcman's Horse-slioe Magnets : — 

O No. 1. 6 iiiclics long, supporting 25 lbs. 

2.8^ „ 45 lbs. 

Coiiipound. — ^Logoman’s Horse-shoe Magiiots of 3 bars : — 

No. 1. 3 inches, supporting 80 lbs. .... 

2.13 „ „ 150 lbs 

Ijoadstono, or Natural Magnet, cut into small flat pieces which 
exliibit polarity ....... 

Loadstone, mounted with soft iron sides and poles, and provi<le(l 
with an armature, by wliich its power of sustaining weights is 
greatly increased . . . . . Fig. 200 

Scoresby’s Magnets ; these are formed of thin magnetized steel 
plates, the whole being bound firmly together 
Circular or Stella-form disks of soft iron, for the distribution of 
Magnetism ........ 

Half-links of soft iron, to illustrate the inductive principle by wOiich 
pieces of soft iron are rendered temporarily magnetic whiles in 
contact with the permanent magnet . . per tloz. 

Eobinson’s Y-shaped soft iron armature, for exhibiting the neiiiraliz- 
. ation of induced magnetism, when both ends of the fork are in 
contact with the polos of tlie Horse-shoe Magnet. The attractive 
power of the lower limb is destroyed, and no lunger suspends a 
piece of soft iron ....... 

Iron armatures, in the form of a cross, for suspending soft iron balls, 
exhibiting a pleasing set of exi)eriments .... 

Pieces of soft iron of various forms for exhibiting Magnetic experi- 
ments ........ 

Magnetic Toys, to illustrate in a pO})ular manner Magnetic attrac- 
tion and repulsion, when placed in or on the surface of water : — 
Two Fish in box ....... 

Two Ducks ........ 

Ships ....... from 

Ma^^nctic Steel Needles, with hard brass centres, and of various 
lengths for experiments : — 

2 in. 3 in. 4 in. 5 in. 0 in. 7 in. 8 in. 

1/3 1/9 2/0 3/0 4/0 5/0 0/0 

With Agate centres ....... 

Stand with brass foot and fine steel point for supporting horizontal 
ne(;dles ........ 

A pair of 12 in. Magnetic Needles on stands for illustrating to a 
class, or in the lecture-room, the influence of one Magnet on 
another ........ 

Pouillet’s Astatic Needle, composed of 2 steel needles .precisely 
similar, and placed parallel, but one above the other, the ])olos 
being reversed, or placed in oppf)site directions ; by this means 
the influence of the earth’s Magnetism is nearly mmtralizcd. On 
brass stand with steel centre, 5 in. G in. 7 in. 8 in. 

Dipping Needle, consisting of a 5-inch magnetic needle, mounted 
on ctaitre, with brass arc, upon which the dij) is sliown . 
Dipping Needle, with graduated brass ring .... 

Dipping Needle of best constniction for observation Fig, 305 

Pocket Compasses, in square mahogany box, with lever stoj), fitted 
with floating card, or plain needle ..... 

Pocket Conipassen, injound brass boxes, with pulboif lids, lever 
stop, with eitliLi floating card or needle .... 


£> 8. d, £> 8» d. 

1 5 0 

2 2 0 

5 5 0 

10 10 0 

0 1 G to 0 10 0 

1 10 0 ..10 1#0 

0 15 0 .. 2 2 0 

0 2 0 .. 0 7 G’ 

0 3 G .. 0 7 G 

0 2 0 .. 0 5 0 

0 2 G .. 0 7 G 

0 0 3 .. 0 2 0 

0 0 6 .. 0 1 G 

0 1 0 .. 0 2 0 

0 10.. 0 3 0 

0 2 6 .. 0 10 0 

110 

0 7 0 .. 1 1 0 

0 10 G .. 1 10 0 

0 17 G .. 1 10 0 

10 10 0 ..20 0 0 

0 4 0 .. 0 10. 0 

0 5 0 .. 0 12 0 



maeinee’s compasSes. 

Pocket Mining Compass, with siglits, levels, and plumb, for taking 
tho inclination and direction of strata . . Fig. 298 

Pocket Compasses, in tho form of a watch, with leather case 
Very Small Compasses, to attach to a watch-chain, either in gilt, 
silver, gold, or enamel case . . . ^ . 

Boat Compasses, in turned wood box, with floating card . , 

Boat Compass, in brass box, with Gymbal's floating card . 

Tlieso oi'e so arranged as to act freely in every position. 


MAEINEE’S COMPASSES. 

Sea, or Steering Compass. Tlio needle ^ed to a floating card, on 
the lace of which tho. points of the compa.ss are marked. Tliis 
is fixed in a bowl, which is hung in gymbals, fixed in a wooden 
box .......... 

Cabin, or Hanging Compass. In this, the floating card, with its 
magnetic needle, is mounted witli its face downwards 

Azlmntli Compass, with sights for determining the angular distances 
of o})jecls from the magnetic meridian . . Fig. 300 

Military Comj^ass, consisting of a circular brass box, magnetic 
needle, with floating card, and folding sights for determining 
horizontal angles ....... 

Prismatic Surveying Compass, consisting of a circular l)ms8 box, 
floating magnetic card, graduated ring, and folding sights, fur- 
^lislied with a triangular prismatic lens, in leather case . 

Tripod Stand, with ball and socket joint .... 

Water’s Azimuth Compass, with floating card and folding sights. 
A very portable instrument ..... 

Miners’ Comjiass, in brass box, large engraved compass dijft, best 
needle, and folding sights, in mahogany box 

Best Miners’ Compass, with sights, cross levels, telescope, and 
maliogany stuft’ 

Faraday’s Apparatus for showing tliat a permanent cnrr(;nt of 
Electricity may be produced by an ordinary magnet Fig. 201 

Sturgeon’s Magnetometer, f»»r showing the influence a magnet lias 
on diflereut metals when in motion .... 

Apparatus to exhibit the capacity of various mctjils for the dovclop- 
meni of ]\Iagnel,ism by rotation, and also to illustrate the magnetic 
properties of different metals by motion .... 

Barlow’s Apparatus to show the probable origin of the phenomena 
of terrestrial magnetism ; it consists of a globe, round which is 
wound a (luantity of insulated copper wire, by the aid of which 
a current of Electricity can bf‘ passed over it, and the various 
plionomena of terrestrial magnetism explained . * . 


ELECTSO-UAGNETIC nrSTBITMENTS. 

Oersted’s Apparatus for shojving the deflection of the magnetic 
needle by a copper wire transmitting an electric current above or 
below it . . , , . . 

Superior form of the mstrhments . . . Fig. 307 

Dr. Roget’s Apparatus to illustrate the relative positions of the mag- 
netic noodle and electric current . . . • • 

Ampere’s Apparatus for showing the action of a fixed inaSnet on a 
movable rectangular wire, transmitting an electric current 

Fig. 312 
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